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A number of studies of mineral metabolism during preg- 
nancy have been carried out in this country and abroad. 
Macy et al. (’30), Coons et al. (’34) and Donelson (’31) have 
developed ah excellent mechanical technic for making such 
studies in the home, and after extensive experimentation have 
selectd a 4- to 6-day balance period as representative and 
adequate for studying mineral retentions. They recommend, 
too, that continuous balance periods where food ingestion 
varies from day to day be grouped into these shorter seg- 
ments in order to bring out both the individual’s variability 
and her average physiological tendencies throughout the pre- 
natal period. 

In attempting to adapt their methods to our studies of 
prenatal metabolism while women were living under normal 
home conditions, we considered the possibility of using a 
shorter balance period than those recommended by them. 
Duties in the home are multiple and a long period is often 
such a burden to the mother that the benefits do not seem to 


* This is a report of a cooperative study carried out under the auspices of the 
Samuel 8. Fels Fund for Research in Prenatal and Postnatal Environment under 
the direction of L. W. Sontag. The authors wish to express their appreciation 
to the persons who served as the subjects of this study. 
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warrant the time invested. We finally selected as a basis 
for experimentation a 24-hour period preceded by 2 consecu- 
tive days of preparation during which the food eaten was as 
identical qualitatively and quantitatively to the third, or col- 
lecting, day as the subject could make it within the limits of 
her appetite. Emphasis was put upon the need for similarity 
in preparing each food item eaten during the 3 days. This, 
of course, instituted a procedure unlike the ordinary habits 
of an adult since normally very few people eat exactly the 
same food prepared in exactly the same way for even 2 suc- 
cessive days. However, the need for approaching physio- 
logical stability seemed important if one were trying to get 
an idea of the metabolic state during pregnancy through 
intermittent sampling. 

The object of this paper, then, is to present data gathered 
from the experiments so conducted and to compare them with 
the work done by Macy et al. (’30) and Coons et al. (’34) on 
the averaged 4- to 6-day periods in order to arrive at some 
conclusion as to variability, and to test the validity of 24- 
hour sampling periods which have been preceded by 2 days 
of preparation. Calcium and phosphorus metabolism have 
been considered first. 


SUBJECTS 


The subjects were all young married women between the 
ages of 22 and 34 years living in their own homes, except 
number II who was a married resident subject at Fels House. 
Forty-nine balances have been determined by Fels Fund 
workers using ten subjects. The four subjects whose balances 
are given in table 1 were selected for comparison with Macy’s 
and Coons’ subjects because they had no calcium or phos- 
phorus therapy during pregnancy and their abnormalities 
seem slight enough to be called intermittent or temporary. 
Subjects II and IV were primiparae and gave birth to a girl 
and a boy respectively. Subjects VI, VII and VIII were 
secundiparae and gave birth to a girl, a boy, and a girl re- 
spectively. Infants numbers IV and VI may have been 
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slightly postmature; the other were called normal term in- 
fants. Their weights and physical characteristics will be 
described later. Subject number IV was found to be some- 
what anemic during the fourth month in pregnancy, and at 
the suggestion of her physician ate more iron-containing foods 
thereafter to arrest this tendency. Number VI was thought 


TABLE 1 


Calcium and phosphorus utilization during pregnancy; 24-hour samplings 
expressed in grams per day 





























CALCIUM PHOSPHORUS 
| ) | 

a | —+g | Food | Urinary | Fecal | Balance Food | Urinary| Fecal | Balance 
| delivery | | 

II | 31 11.072 | 0.256 | 2.302 |—1.486| 1.116) 0.732 | 1.523 |—1.139 
| 27 11.058 | 0.288 | 2.146 |—1.376| 1.101| 1.435 | 1.570 |—1.904 
| 11* /1,073 | 0.372 | 1.439 | —0.738| 1.117| 0.946 0.866 | —0.695 
| 11* |1.103 0.291 | 1.277 | —0.465) 1 0.908 | 0.730 |—0.489 
| 11* = |1.104 | 0.356 | 2.897 |—0.640) 1.150} 1.052 | 0.815 |—0.717 

fae 1.400 | 0.185 1.654 |—0.430| 1.461 | 0.848 0.807 —0.194 
| 27*** |1.183 | 0.241 | 0.866 | +0.076| 1.410 | 0.863 | 0.615 | 0.068 
| 23 /1.266 | 0.214 | 1.318 |—0.266| 1.887| 0.915 | 0.896 | +0.076 

19*** |1.721 | 0.260 | 1.168 | +0.293| 1.867) 0.909 | 0.659 | +0.299 
14 | -220°*| 0.212 | 1.684 | knah 1 anes! t en oe cates 

| 7*** 1/1351 | 0.218 | 0.832 | +0.306| 1.797| 0.765 | 0.500 | +0.532 
| 1*** |2.078 | 0.138 | 1.594] +0.346) 1.489} 1.232 | 0.799 |—0.542 
| | | 

VI | 238 0.911 | 0.175 | 1.511 |—0.775| 0.885| 0.634 | 0.880 | 0.629 
| 19 1.756 | 0.183 | 1.303 +0.270| 1.123| 0.843 | 0.566 | —0.286 
| 14*** (1.955 | 0.210 | 0.898 | +0.147| 1.036| 0.384 | 0.623 | +0.029 
| 11"** |1.591 | 0.152 | 1.056 | +0.383| 1.899| 0.910 | 0.462 | +0.527 
| 7*** (1.725 | 0.252 | 1.403|+0.071/ 1.407/ 0.871 | 0.776 | —0.240 
| 3 1.578 | 0.141 | 1.558 |—0.121| 1.390 | 0.686 | 0.898 —0.194 
| | | | 

VIE | 11*** [1.853 | 0.204 | 1.229|+0.420/ 1.397| 0.707 0.777 —0.087 


7*** |1.856 | 0.235 | 0.914) +0.707| 1.939| 0.858 | 0.589 | +0.492 
I*** 1.656 | 0.484 | 0.644 +0.528| 1.543 | 0.708 | 0.375 | +0.460 


VIII | 12*** /|2.076 0.366 | 1.400 +0.312| 1.590 | 0.848 | 0.808 —0.066 








| 8*** |1.009 0.357 | 1.002 | —0.348| 1.527| 0.656 | 0.863 +0.008 
| | | 

4 —|1.675 | 0.276 | 0.834 | +0.567| 1.414} 0.356 | 0.574 | +0.484 

1  |1.875 | 0.214 | 0.970 | +0.691| 1.094! 0.702 | 0.701 | 0.309 








* Three consecutive days. 

** Sample lost. 
*** Fels balances used in the matched comparisons. The other balances for each 
subject are included to show the general findings for these individuals. 








498 S. IDELL PYLE AND OTHERS 


to be anemic also, and usually suffered from hay fever during 
August which was her ninth month in this pregnancy. 
Neither condition was treated. Subject number VII had some 
albuminuria in the ninth month; number VIII had a persist- 
ent mild allergy toward egg and lemons and had suffered 
mildly from hay fever since childhood. The hay fever ap- 
peared a few days before delivery and she received treatment 
for it as usual. 


PROCEDURE 


The data were collected during the spring and summer of 
1934 on subjects VI, VII and VIII, and on subject IV during 
the spring and summer of 1933. Periods were begun as a rule 
on Monday or Tuesday to insure completion during the same 
week. The women prepared and weighed their food in their 
own homes under our instruction. They were told to select 
foods which were representative of their usual meals and to 
eat, at the same time of day for 3 successive days, the same 
kind and as nearly the same amount of food as possible. On 
the third day the subject saved a day’s sample of food equiva- 
lent either to the amount she ate or to one-half the amount. 
The feces were marked off with carbon and carmine given by 
capsule at the beginning of breakfast on the third and fourth 
days respectively. The women were asked to take a very 
small amount of water with the capsule. Tap water ingested 
throughout the day was weighed in grams and a similar 
quantity was included in the food sampling. A medical ex- 
amination was made just before the period began and again 
when it ended, and basal metabolic 1ate and blood samplings 
were secured on the morning following the 3-day sampling 
period. The procedure outlined above was repeated every 
28 days when possible, during the whole course of the pre- 
natal period when the women were under observation. 


METHODS USED IN ANALYSIS 


Food, fecal, urinary, and blood samples collected for min- 
eral analyses were all dried on the steam bath and then ashed 
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in the muffle furnace at a temperature below 400°C. until a 
loose, grayish ash was produced. The ash was put into solu- 
tion with warmed, constant-boiling HCl and redistilled water. 
The residue was re-ashed and treated again to insure that 
the mineral was freed from carbon particles. Samplings 
from this solution made to volume were used for all analyses. 

Calcium in food, feces and urine was determined volu- 
metrically in triplicate, observing the precautions cited by 
Washburn and Shear (’32); phosphorus was determined by 
the method used by Embden and Fetter (’21). 


METHOD OF COMPARISON 


As stated in the beginning, the object in making this study 
was to see how data collected by the 24-hour method of samp- 
ling compared with the results presented by Coons (’30, ’34) 
and by Macy (’30) and their co-workers on longer period 
samplings. Accordingly the following procedure was used. 
Twelve balances were selected from our data, and twelve each 
from the first and second studies made by Coons and her 
co-workers in order to match the twelve given by Macy and 
her co-workers. Balances determined consecutively on the 
same subject were used as far as was possible in order to 
fulfill two criteria for matching; namely, that the four sets 
of twelve balances should each fall in the same period in 
pregnancy, and should be representative of approximately 
the same number of individuals. The tables and the graphs 
show how close the matching could be made and how the 
results compare.’ 

*The Fels balances used are starred in table 1. Coons’ first group (’30) is 
designated as Coons I and her second group (’34) as Coons II. In her first study 
(Coons I) all balances for subjects A and D, the third balance for subject B, 
the first and second balance for C, and the third balance for E were used in the 
matching. The balances selected from her second study (Coons II) were: the 
first and second for subject I, all for II, the first three for V, and the first and 


last two for VI. All of the balances given by Macy and her co-workers (’30) 
were used here. 
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From these forty-eight calcium and phosphorus balances 
taken from the four studies, comparisons were made in the 
following ways between each group of twelve balances: 


a. Means, standard deviations, coefficients of variation and 
their probable errors for Macy, Coons and Fels balances were 
computed (table 2). 

b. Urinary and fecal partitions for both calcium and phos- 
phorus were calculated by dividing the excretion by the 
ingestion. Means, standard deviations and coefficients of 
variability were calculated for the partitions and included in 
table 2. 

c. Pearson’s product-moment correlations for food and 
fecal, and for food and urinary calcium and phosphorus were 
computed for each of the four groups of matched balances. 

d. Diagrams were made showing the distribution of the bal- 
ances around curves computed by the Method of Least 
Squares. 

e. The findings in (a) and (b) were compared by computing 
critical ratios (table 3). Our basis for interpreting these 
ratios is given in the handbook of Chemistry and Physics, 
eighteenth edition, page 180. When the ratio was less than 
2.0 the differences found were called insignificant; between 
2.0 and 3.0, somewhat or tending toward significance ; when the 
ratio was 3.0 or over, the difference was called significant. 


The means, standard deviations and coefficients of varia- 
tion in table 2 are given only to clarify the critical ratios. 
It is obvious that variability should be high for average 
mineral output in feces and urine because the balances are 
scattered throughout most of the period of pregnancy. An 
average for excretion, therefore, computed from consecutive 
balances which are inevitably modified by rapid growth of 
the fetus and by the maternal needs is of little use except in 
matched comparison and where average variation is being 
considered. The averages for mineral content of the food, 
however, do show how uniform was the amount of calcium 
and phosphorus ingested by each of the four groups at vari- 
ous stages in pregnancy. 
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TABLE 2 


Means, standard deviations and coefficients of variation for matched ingestion 
and excretion values 





| | MACY COONS I COONS II | FELS 





pean Gees Seen k ee 2th ~- a ee 
Urinary = |M* | 0.447+0.031| 0.204+0.017| 0.204% 0.021| 0.215+0.016 
ealeium [SD | 0,162+0.022| 0.087+0.012| 0.104% 0.014| 0.083+0.011 


Cof V/33.9 +5.19 | 42.6 +6.85 | 60.0 +108 | 38.6 +6.05 


Feeal ‘M = | 1.5490.092| 0,857+0.049| 1.034 oes | 1.076+0.045 
calcium =6[SD | 0.474+0.065| 0.252+0.035| 0.414% 0,057| 0.233+0.032 
Cof V| 30.6 +460 [294 +438 | 40.0 + 633 [21.7 +3.13 
| 

Food 'M 1.922+0.065| 1.14920.058| 1.537 0.092 | 1.610+0.065 
calcium =6|SD | 0.333%+0,046| 0.299%0.041] 0.473% 0.065| 0.335+0.046 
\CofV/17.3 +245 |26.0 +3.81 | 30.8 + 4.63 [20.8 +2.99 


| 
Urinary iM 0.253+0.017| 0.182+0.016| 0.128% 0.011 0.170+0.016 
ealcium SD 0.085+0.012 | 0.0832%0.011| 0.056% 0.008; 0.084+0.012 
partition \Cof V'33.6 +5.12 (45.6 +7.47 | 43.7 + 7.07 | 49.4 +8.30 
Fecal M | 0.797+0.049| 0.736+0.027/ 0.660+ 0.021 0.685+0.028 
calcium SD 0.253+0.035| 0.141+0.019 0.109% 0.015; 0.144+0.020 


partition |CofV/31.7 +4.78 |19.2 +2.74 }16.5 + 2.33 121.0 +3.01 





Urinary M | 1.241+0,053/ 0.723+0.024| 0.744 0.033| 0.809+0.041 
phosphorus |SD | 0.272+0.037| 0.124+0.017| 0.168% 0.023 | 0.210+0.029 
CofV/21.9 +3.16 [172 +244 | 21.7 + 3.13 |26.0 +3.81 

| | | | 
Fecal M | 0.747+0.037| 0.580+0.034| 0.59 


+ 0.04 | 0.654+0.029 
phosphorus SD | 0.190+0.026| 0.177+0.024; 0.19 + 0.03 0.149+0.021 
+ 4.87 (22.8 +3.30 


CofV| 25.4 2+3.72 (30.5 +4.57 | 82:2 


| 
| 


Food M | 2.248+0.081 | 1.442-+0,068| 1.74 


+ 0.09 | 1.5750.049 

phosphorus SD | 0.415+0.057 0.32540.045 | 0.47 + 0.07 | 0,252+0,032 
CofV/18.5 +2.63 (22.5 +3.25 | 27.0 + 3.98 |16.0 +2.26 

Urinary M | 0,555:0.014| 0.527+0.014| 0.452+ 0.009| 0.516+0.023 
phosphorus SD 0,070+0.010| 0.073+0.010| 0,047 0.006 | 0.117+0.016 


partition (CofVj}12.6 21.76 (13.9 +1.95 |104 + 145 (22.7 +3.28 


Fecal M 0.575+0.035 | 0.403+0.017| 0.387+ 0.015 0.397+0.029 
phosphorus \SD | 0.181+0,025| 0.087+0.012! 0.079+ 0.011) 0.147+0.020 
partition CofV/31.5 +4.75 [21.6 +3.11 | 234 + 3.39 | 37.0 +£5.75 
1In this table M indicates mean, SD indicates standard deviation, and C of V 

indicates coefficient of variation. 

















TABLE 3 
Critical ratios 


































































































MACY MACY COONSI MACY COONSI | COONS II 
AND AND AND AND AND AND 
COONS I COONS II COONS II FELS FELS FELS 
% ey Urinary calcium woe 
M? | 6.9(M)*| 6.6(M) | 0 | 5.3(M) | 22(F) | 2.0(F) 
SD | 3.1 (M) | 3.1(M) | 0.9(IL) | 2.6(M) | 0.4 (F) | 0.5 (C) 
y CotV | 10(C) | 2.2 (C) 1.4 (IT) 0.3 (F) 0.7(C) | 1.9(C) 
EX Fecal calcium 
M 6.6(M) | 4.2(M) | 1.9 (II) 4.6 (M) 3.3(F) | 0.5 (F) 
SD 3.0(M) | 0.7(M) | 24(IT) | 33(M) | 04(C) | 24(C) 
__CofV 2.0 (C) 12(C) | 1.711) | 1.6 (M) | 14 (C) | 2.8(C)_ 
P00 calcium : vistas 
M 8.9(M) | 34(M) | 3.7(II) | 34(M) | 53(F) | 0.9 (F) 
SD 0.6(M) | 18(C) | 23(IT) | 0.0(F) | 06(F) | 1.7(C) 
_Cof 7 3 2.0 (C) 2.6 (C) 0.8 (II) 0.9 (F) 1.2 (C) 1.8 (C) 
vee Urinary calcium partition a 
M 3.0 (M) 6.2(M) | 2.8 (I) 3.6 (M) 0.5(C) | 2.2 (F) 
SD 0.1(M) | 2.0(M) | 2.0 (1) 0.1(M) | 01(F) | 19(F) 
f CofV 4 13 (C) | 12 (C) _| 0.2 (1) 1.6 (F) 0.3 (F) 0.5 (F) 
_____________— een ealsium partition - 
M 1.1 (M) 2.6 (M) 2.2 (1) 2.0 (M) 1.3 (C) | 0.7 (F) 
SD 2.7(M) | 3.8(M) | 1.3 (1) 2.7(M) | 0.1(F) | 14 (F) 
= C of ,_ ls _25 (M) nh 2.9 (M) 0.8 (I) 1.9 (M) 0.4 (F) 1.2 (F) 
; ’ ; ets ___ Urinary phosphorus 
M | 8.9(M) | 7.5(M) | 13(II) | 65(M) | 19(F) | 0.7 (F) 
SD | 3.6(M) | 24(M). | 15 (IT) | 13(M) | 26(F) | 11(F) 
__CofV_ | 12(M) | 0.0(M) | 11(1T) | 08(F) | 19(F) | 0.9(F) 
2. a Feeal phosphorus as 
M | 3.3 (M) | 2.9(M) | 0.2(IT) | 1.9(M) | 1.7(F) | 14 (F) 
SD | 0.4 (M) 0 0.4 (IT) 1.2 (M) 0.9(C) | 1.2(C) 

s Cof V ' | 09 (C) : 1.1 (C) | 03 (IT) 0.5(M) | 14 (C) _ _16 (C) 
; el RSs _Food phosphorus yum 
M | 7.9(M) | 42(M) | 2.7(II) | 7.1(F) | 1.7(F) | 16(C) 
SD | 13(M) | 0.6(C) | 18(IT) | 25(M) | 15(C) | 28 (0) 

C of AE | 0.9 (Cc) | 1.8 (C) _09 (11) 0.7 (M) 1.6 (C) | 24(C)_ 
_____Urinary phosphorus partition 
M | 14(M) | 62(M) | 45(I) | 14(M) | 04(C) | 2.6(F) 
SD | 0.2(C) | 20(M) | 22 (I) 2.5 (F) 2.3 (F) 4.1 (F) 
Cof V 0.5 (C) 1.0(M) | 14(I) | 2.7(F) 23(F) | 34(F)_ 
_ pil Ala. Fecal phosphorus partition 
M | 4.4(M) | 63 (M) | 2.9 (I) 3.9(M) | 0.2(C) | 1.8(F) 
SD 3.4(M) | 3.7 (M) 0.5 (I) 1.1 (M) 2.6 (F) 3.0 (F) 
CofV | 1.7(M) | 14(M) | 04 (II) | 0.7(F) | 24(F) | 2.0(F)_ 





coefficient of variation. 
*In this table the letter in parenthesis indicates which study had the higher 


value. 


*M indicates mean, SD indicates standard deviation, and C of V indicates 


For example, 6.9 (M) indicates that Macy’s group had the higher value 


in addition to being of significantly different value than Coons I. 
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CALCIUM 


Ingestion. The figures for average ingestion and excretion 
are given in table 2, and for the significance of any difference 
in table 3. Macy’s group had the greatest average calcium 
ingestion, Fels group next, Coons II next and Coons I the 
least in amount. The critical ratio showed that each of them 
received a significantly different amount except when Coons 
II and the Fels group were compared. Although Macy’s 
subjects varied less than the other three in average calcium 
ingestion, the differences in variability were not significant 
except when her results were compared with Coons II. The 
latter group was about 13.5 per cent more variable than the 
former. 

Partition. A number of significant differences appeared 
when the average calcium partition was calculated. Partition 
as used here means the figure obtained by dividing the amount 
of calcium excreted in urine and feces respectively by the 
amount contained in the food. Means, standard deviations 
and coefficients of variability were calculated for partitions 
in each of the four studies. These results were examined 
with particular interest, because it was felt that there the 
effects of mineral ‘lags’ might be revealed if the partitions 
for the Fels Fund study were decidedly atypical with respect 
to other values computed for pregnancy. 

Possibly because the ingestion values were greater, the 
average urinary calcium partition for Macy’s group was 
greater than the other three groups. The figure was not 
significantly more variable than the other three. Coons I, 
with the next highest value, differs significantly from Macy’s 
group and tends to have a greater partition figure than 
Coons II. Coons I has a somewhat greater standard devia- 
tion, but the variability in Coons’ two studies is very similar. 

The Fels group ranks between Coons I and Coons II in 
average urinary calcium partition. In the Macy-Fels pairing, 
Fels subjects were more variable on the average, and the 
Coons II-Fels pairing showed that the Fels group had the 
greater standard deviation. However, the critical ratios for 
the standard deviations of the latter pairing is 1.9, and for 
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Coons II-Macy and Coons II-Coons I pairings are each 2.0. 
Consequently the urinary calcium partition in the Fels group 
does not seem to be clearly aberrant. 

Fecal partition should be influenced by mechanical defects 
in marking. There is no doubt that this hazard is great in 
24-hour sampling. However, the calculations revealed no 
significant differences in the four studies. Macy’s group and 
Coons II differ most in mean, standard deviation, and co- 
efficient of variation. Coons I and Coons II tend to differ in 
the mean. Fels’ and Macy’s groups differ in mean and 
standard deviation and that difference approaches signifi- 
cance. The Fels group and Coons I and Coons II are quite 
similar in all respects. On the whole Coons II and Macy’s 
groups differ the most in fecal partition. 


PHOSPHORUS 


Ingestion. Again the means, standard deviations, coeffi- 
cients of variation and partitions given in table 2 were 
studied, and the critical ratios given in table 3 were examined 
to see whether the groups differed significantly. Macy’s 
group had ingested the most phosphorus on the average. 
Matched against Coons I and II and the Fels group, this 
difference in average phosphorus ingestion becomes signifi- 
cant, but the amount ingested is not more variable. Coons II 
ranks next highest, and those subjects tended to use more 
variable quantities than the Fels group, which had the third 
greatest phosphorus ingestion. Coons I had the smallest 
phosphorus ingestion and tended to differ significantly from 
Coons II. Coons I and the Fels group are more alike in the 
quantity of phosphorus ingested than any other paired 
groups. 

Partition. Urinary phosphorus excretion per gram of 
phosphorus intake shows a higher mean value for Macy’s 
group than for the other three. The difference is not signifi- 
cant except where her findings are paired with Coons II. 
Macy’s average partition resembles Coons I, but there is 
enough difference in means between Coons I and Coons II 
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and between Macy’s group and Coons II to permit one to 
conclude that there is as much difference in the average for 
urinary phosphorus partition in these three studies as there 
is between any one of them and the Fels 24-hour period 
samplings judged from the balances selected here. Macy and 
Coons II tend to differ in standard deviation, but the differ- 
ence between them in variability is negligible. Fels mean 
value ranks between the figures for Coons I and II, and has 
a significantly greater standard deviation and variability than 
all three of the other groups. The Fels mean tends to differ 
significantly only when matched against Coons II. 

The calculation for fecal phosphorus output per gram of 
phosphorus intake gives Macy’s group the highest value on 
the average. Her group partition again differs significantly 
from the other three. The standard deviation is significantly 
greater than Coons I and Coons II and is slightly greater 
than the value for Fels group. Coons I differs from Coons 
II in the mean, but the variability is similar and the range of 
variability in Coons’ subjects is less than Macy and Fels 
Fund groups. 


DISCUSSION * 


A clear-cut difference between the long and short sampling 
period for calcium and phosphorus metabolism during preg- 
nancy was not found when the four studies were compared 
by matching averages, distribution, and range in mineral 


* Only one subject, subject II (see table 1), has been observed on each day of 
the 3-day balance period. She had just recovered from a rather severe cold, 
contracted while taking a long automobile trip during a brief holiday. When 
she returned, she was asked to eat the same kind of food which she had eaten in 
December and January and to eat as near the same amount of food for 3 days 
as she could. It was interesting to note that she was continuously in negative 
balance. At the beginning of pregnancy she was in poor physical condition as 
her food intake had been very much restricted. Yet after 4 months of quite 
intelligent and abundant choice of fresh fruits, vegetables and meat and the use 
of a quart of milk, cod liver oil and yeast daily, she was still in negative balance. 
Her gain in weight had been rapid and she had been active and well except for 
the one cold. The results for the 3 successive days differ, but interestingly 
enough, either the first day or the third day approaches the average of the 3 days 
fairly closely in calcium or phosphorus distribution. Calculations for differences 
on each of the 3 days on other subjects are in progress. 
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balance figures. For phosphorus the results are less clear- 
cut than for calcium, but the general evidence seemed to us 
to point toward differences due to differences in the indi- 
viduals who were studied rather than to the mechanics of 
sampling. A further test was applied by examining the cor- 
relations made to show the relation between ingestion and 
excretion for both calcium and phosphorus (see table 4). 








TABLE 4 
ITEMS CORRELATED OBSERVER r PE, 
Food and fecal calcium Macy +0.02 +0.20 
Food and fecal caleium Coons I | +0.84 +0.06 
Food and fecal caleium Coons IT +0.95 +0.02 
Food and fecal calcium Fels +0.41 +0.16 
Food and urinary calcium | Maey / 0,04 +0.19 
Food and urinary calcium | Coons I +0.17 +0.19 
Food and urinary calcium Coons II | +0.01 | +0.19 
Food and urinary calcium Fels —0.03 +0.19 
Food and fecal phosphorus Macey +0.35 +0.17 
Food and fecal phosphorus Coons I +0.66 +0.11 
Food and fecal phosphorus Coons IT +0.83 +0.06 
Food and feeal phosphorus Fels —0.33 +0.17 
Food and urinary phosphorus Macy +0.55 +0.16 
Food and urinary phosphorus Coons I +0.86 +0.05 
Food and urinary phosphorus Coons IT +0.92 +0.03 
Food and urinary phosphorus Fels | —0.42 | +0.16 








Some factor tends to shift the Fels results toward a species 
of negative relationship—the greater the ingestion, the greater 
the retention, although the correlation is too low to be used 
as conclusive evidence. Correlations made on Macy’s calcium 
findings are equivocal, and the correlations for phosphorus 
are too low to be conclusive. The indication is that the 
greater the phosphorus ingestion, the greater might be the 
excretion. On the other hand, Coons’ results are quite clearly 
positive for phosphorus, namely, the greater the ingestion, 
the greater the excretion, but the results were equivocal for 
urinary-food calcium correlation. This is interesting and 
puzzling since Macy’s group received the largest amounts of 
both calcium and phosphorus on the average, and calcium 
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These charts show the distribution and average trends of the four groups of 
balances discussed in the paper. 
least squares. 
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The curves were computed by the method of 
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in significantly greater amounts than the amount received 
both by Coons I and Coons II. 

Finally graphs were constructed to see what the scatter 
of the forty-eight balances was (see figs. 1 and 2). The re- 
sults showed that the Fels calcium and phosphorus balances 
fitted in fairly well with the longer period averages of Macy 
and Coons. Increased retention which must be a logical state 
for normal pregnancy is indicated for calcium, and in a lesser 
but positive degree for phosphorus by these balances. The 
scatter for phosphorus is less than that for calcium for all 
four groups of balances charted. Apparently the Fels group 
stored about 7.0 and 4.5 gm. of calcium and phosphorus re- 
spectively during pregnancy. In view of the amount of min- 
eral which is present in the fetus at birth, the demands made 
upon the maternal stores must have been large in all four 
groups. 

It was interesting to note that the figure for calcium ex- 
cretion by the kidney route was decidedly more variable than 
the output by the intestinal route in each of the groups re- 
ceiving the least amounts of calcium and phosphorus. This 
is most apparent in the Fels study. We are at a loss for an 
explanation since the reverse is true for phosphorus partition. 


SUMMARY 


A comparison was made between twelve calcium and phos- 
phorus balances computed by the 3-day method and those 
given by Macy and her co-workers (’30), and twelve from 
each of the studies made by Coons and her co-workers (’30, 
34). The balances in the four studies were matched chrono- 
logically in order to rule out differences seen at various stages 
in pregnancy due to the growth of the fetus and changes in 
maternal tissues. 

The results from 24-hour balance sampling preceded by 
2 days of preparation when the subject ate the same kind and 
as near the same quantity of food as on the third (collecting) 
day did not differ significantly enough from the results given 
in the other three studies to indicate that a period of this 
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length fails to show an individual’s metabolic tendencies 
during pregnancy. 

The findings point toward greater individual differences 
than difference due to method. 

On the strength of these indications we feel that the 3-day 
balance period with a 24-hour sampling on the third day 
merits consideration as a clinical tool in determining human 
calcium and phosphorus utilization during pregnancy. 
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No very extensive study of the mineral components of 
honey has been made, although a number of investigators 
have carried out limited studies of the composition of the 
ash of various types of honey. These investigations, how- 
ever, were mostly of foreign honeys, so that there is actually 
very little information relative to the composition of American 
honeys from this standpoint. 

The following mineral elements have been found in honey: 
Phosphorus (Elser, ’25, ’26), calcium (Elser, ’28; Stitz, ’27), 
potassium (Svoboda, ’33), magnesium (Jewell, ’31), sodium 
(Nottbohm, ’27), chlorine (Nottbohm, ’14), sulphur (Nott- 
bohm and Weinhausen, ’14), manganese (Gottfried, ’11, ’12), 
iron (Schuette and Remy, ’32), aluminum (Jewell, ’31), 
copper (Lindow, Elvehjem and Peterson, ’29), and silicon 
(Jewell, ’31). The relative proportions in which these ele- 
ments occur appear to vary widely, although in general 
phosphorus, calcium and potassium predominate. 

Nutrition specialists consider honey almost altogether as 
an energy food, as it contains usually from 75 to 80 per cent 
of sugars. Since the average ash content is quite low, and 
only comparatively small amounts of honey can be eaten at 
one time, the mineral elements have been given very little 
consideration. However, increasing quantities of honey are 
now being used for confectionery purposes and in baking, 
particularly bread, so that much greater quantities may be 
consumed by an individual in this way. 
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Although it has been shown that honey yields a decidedly 
alkaline ash (Nelson and Mottern, ’31), the acid-base balance 
of honey as a food has not been studied. When the alkalinity 
of the ash is used as a measure of the acid-base balance, 
correction should be made for the loss of chlorine and sulphur 
which occurs during ashing. These losses have been pointed 
out by Nottbohm (’14). 

Since the data on the composition of the mineral compon- 
ents of American honeys are too limited to permit calcula- 
tions of the acid-base balance, the recently published method 
of Davidson and LeClere (’35) for determination of the acid- 
base balance of foods offered a convenient means of obtaining 
these values for honey. Accordingly, this method was applied 
to the determination of the acid-base balance of a number of 
American honeys, including the more representative floral 
varieties. 

Briefly, the method used consists of direct titration of the 
ash, with corrections for the sulfur and the chlorine lost 
during combustion. This procedure entails fewer and simpler 
determinations in comparison with the method based on com- 
putation from mineral analyses. Results are approximately 
the same by either method. Table 1 gives a summary of the 
results obtained. All the honeys studied gave definite alkaline 
values. With a few exceptions, values for the dark-colored 
honeys are somewhat greater than for the lighter-colored 
varieties, due apparently to the generally higher ash content 
of the darker types. The alkaline values closely parallel the 
ash contents. Honey is similar to fruits in that while defi- 
nitely acid to the taste, due to the presence of free organic 
acids, as a food it is potentially alkaline. Apparently a con- 
siderable part of the metal elements present is combined with 
organic acid radicals (Nelson and Mottern, ’31). 

It might be of interest to compare the potential alkalinity 
of honey with some of the typically alkaline foods as given 
by Sherman (’32). While the average ash content of honey 
is comparatively low, the potential alkalinity compares 
favorably with some of the fruits and vegetables. For ex- 
ample, the average alkaline value for honey is 1.5, while that 
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for apples is 3.7; for asparagus, 0.8; for lemons, 5.0; for 


mushrooms, 4.0; for orange juice, 4.5; for potatoes, 7.0; for 
pumpkin, 1.5; for tomatoes, 5.6; for peas, 3.6; and for turnips, 


2.7. 


TABLE 1 





PREDOMINANT 
FLORAL 
SOURCE 


Sweet clover 
Orange 
White clover 
Sage 
Tupelo 


Mesquite 


Catsclaw 
Goldenrod 
Tulip-Poplar 
Mixed flowers 
Buckwheat 


Averages 
Light honeys’ 
Dark honeys 
All honeys 








| 
COLOR GRADE 





(PFUND COLOR SCALE) 
___ | BB} (G0. 2/10 
ae ee ae 
tat | See || a 
| | 
~ =) 
| cent | 
0.6 |Water white/0.04| 4.50 
1.2 |Extra white|0.05| 6.40 
3.0 |White 10.08; 8.60 
3.1 | White 0.07; 7.50 
4.0 |Extra light 
amber |0.09| 10.25 
4.5 |Extra light 
| amber /0.61| 52.40 
8.5 |Amber | 0.22 | 21.80 
8.5 Amber /0.16; 12.10 
11.5 |Dark |0.30| 28.70 
12.0 |Dark 0.51| 50.00 
13.5 |Dark 0.10; 8.20 
| bad 
ba cbc acd | 0.16 
Hears i | 0.26 | 
ie eed | 0.20 





| 
| TITRATION | 


Potential alkalinity of honeys of a variety of floral types 


| 
| 


| CORRECTION 
8 


| LOST IN 


| COMBUSTION 
(oe. N/10 
| ‘ACID PER 


100 em. 
HONEY) 


None 
None 
None 
None 


None 


None 
0.43 
0.12 

None 

3.31 

0.90 








CORRECTION 
FOR cl 
LOST IN 
COMBUSTION 
(co. N/10 
ACID PER 
100 em. 
HONEY) 


1.80 
1.40 
2.00 
1.80 


1.90 


20.20 
2.80 
1.50 
1.90 
1.00 
3.10 








| 





POTENTIAL 
ALKA- 
LINITY 
(co. 1 N 
ALKALI 
PER 
100 em. 
HONEY) 


0.27 
0.50 
0.66 
0.57 


0.84 


3.22 
1.86 
1.05 
2.68 
4.57 
0.42 


1.01 
1 


919 
reo 





* Intensity of color increases with the numerical values (U. 8. D. A., ’33). 
* First six samples are classified as light-colored honeys. 


SUMMARY 


The Davidson-LeClere method for determining the acid- 
base value of a food by titrating the ash was applied to eleven 
samples of honey representative of both the light and dark 
varieties. The average alkaline value proved to be 1.5. While 
this is low, it compares favorably with certain fruits and 
vegetables, values of which are also given for the purpose 
of comparison. 
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The importance of vitamin B, as a necessary constituent 
of the diet is rapidly gaining recognition, and accurate 
methods for assay of this factor are greatly needed. In a 
previous publication (Keenan, Kline, Elvehjem and Hart, ’33) 
we described a paralysis which develops in chicks on diets 
low in vitamin B, A ration for assay and further study of 
the vitamin was proposed which in our preliminary studies 
was found quite satisfactory. The chick has been used ex- 
tensively in this work, as well as for studies of other factors 
in the vitamin B complex, because of its well-known sensitivity 
to a lack of the water soluble dietary factors. The chick 
paralysis occurring on the synthetic diet which we have used 
has been prevented by feeding vitamin B, concentrates pre- 
pared according to the procedure proposed by Kinnersley et 
al. (’33) and by Barnes, O’Brien and Reader (’32). This 
successful use of the Reader concentrate established the 
identity of the rat deficiency disease (Reader, ’29) with that 
occurring in chicks. 

Extensive use of the synthetic diet described in the previ- 
ous paper revealed seasonal variations in the response of the 
chicks receiving the basal diet, as well as those fed standard 


1 Published with the permission of the direetor of the Wisconsin Agricultural 
Experiment Station. 
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supplements containing the vitamin. These seasonal differ- 
ences were thought to be due to variations in the storage of 
the factor in the chicks at hatching. However, recent work 
has shown that the response is also dependent to a large ex- 
tent upon the vitamin B, content of the various constituents of 
the synthetic diet. Although the constituents were purchased 
in fairly large quantities, one or more of the products varied 
quite frequently. 

In this paper we wish to report the results obtained when 
the synthetic diet was modified to reduce vitamin B, intake, 
as well as to increase certain other essential factors, and to 
describe a procedure for vitamin B, studies in chicks which 
we have found fairly successful. 


EXPERIMENTAL 


Methods of handling the experimental animals have been 
described in previous reports (Kline et al., ’°32; Keenan et al., 
33). White Leghorn chicks, day old, were used exclusively 
in these studies and were obtained from the poultry depart- 
ment or from commercial hatcheries. In the earlier studies 
groups of ten animals were used, but when testing only slight 
modifications in the ration, three to four chicks have been 
used in each group. 

Basal ration 441, the ration previously described, was found 
satisfactory, paralysis occurring at the fourth week in 100 
per cent of the animals, until the summer months of 1934. The 
constitution of ration 441 is given in table 1. The constituents, 
undoubtedly, varied considerably in the amounts of water- 
soluble factors carried as contaminants. The crude casein 
was an acid-precipitated, domestic casein of good grade. 
Dextrin was made by autoclaving cornstarch for 2 hours, al- 
though by this process not all the starch is dextrinized. The 
salt mixture used was the Steenbock-Nelson (’23) salts 40, 
modified to contain sufficient amounts of copper, manganese 
and zine. Eight per cent Anheuser-Busch dried yeast (strain 
C) was used in the diet, a level double that required to furnish 
sufficient vitamins B(B,) and G(B,) as shown by previous 
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assay. The vitamin B, content of this yeast was very low, since 
feeding 30 per cent in the synthetic diet did not reduce the 
occurrence of paralysis in chicks. The ‘growth factor’ in 
liver, recently described (Kline et al., ’34), was furnished 
in 10 per cent liver residue that had been autoclaved to destroy 
any vitamin B, remaining after water extraction. Vitamins 
A and D were supplied in cod liver oil. 

During the summer months of 1934, the occurrence of B, 
deficiency in chicks receiving ration 441 was considerably de- 
creased, and the rate of growth approached that of the posi- 
tive control group which received vitamin B, The data in 
table 2 will show that of thirty animals receiving ration 441, 
eight failed to exhibit symptoms of the deficiency, while only 
two died of paralysis before the end of the 6 weeks experi- 
mental period. The average weight of these birds, 212 gm., 
indicated only slight deficiency of the vitamin. This growth 
is compared in figure 1 with that of a group receiving a vita- 
min B, supplement (18 per cent vacuum desiccated whole 
liver) in which growth was normal. 

With this failure of ration 441 to allow occurrence of 
paralysis in 100 per cent of the animals, we attempted to 
modify the ration by heat treatment. In a study of the heat 
stability of the B complex factors (Keenan et al., ’35) it was 
found that B, may be completely destroyed in liver by auto- 
claving for 5 hours at 120°C., and partially destroyed in a 
grain diet by heating in a dry oven at 120°C. 24 hours. Casein 
was considered the most likely carrier of vitamin B, as an 
impurity, since it is a good adsorbing agent for the water- 
soluble factors of milk. The casein was autoclaved for 5 hours 
at 120°C., then used in synthetic diet 441A (table 1). This 
proved an adequate modification for a short time, but over 
a long period the results were unsatisfactory, and in table 2 
the data indicate that 45 per cent of the sixty-six birds which , 
were fed ration 441A developed no deficiency symptoms dur- 
ing the 6 weeks experimental period. The average weight on 
this diet was 244 gm., a growth greater than that obtained on 
ration 441. 
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Treatment of the crude casein by heating dry in an electric 
oven at 120°C. for 24 hours, and fed in ration 441H (table 1), 
gave similar results with reference to occurrence of paralysis 
and rate of growth (table 2). 


TABLE 2 
_Comperison of growth and occurrence of paralysis on synthetic diets 
































|: of en | Be ae | 
g | g 8a La KB a 
ls |Ba |B. | a8] #8 | BE] 8. 
RATION 2 | mam. | me. | af 25 4 ESE 
i | oag | ces | ae ae Beo BBO 
| 82 | abs eee! ge ec fom | Boe 
| ae | k a | Ges Ze ay SEs it 
| “te Bee Zes a zo a gee 
R. 441 only | 30 | 95 | 212 2/| 22 | 8 | — 
R.441+ B,supplement | 30 | 134 | 360 | 0 a 30 | ’ 
R. 441A only 66 | 102 | 244) 19 | 36 | 30 _ 
R. 441A + B,supplement | 12 | 144 | 378 | ohm aa — 
R. 441H only 3 | 98° a 200 } | 0 | 0 —_ 
R. 443 only 26 | 100 | 217 | 9 | — |. = — 
R.443 + B,supplement | 17 | 117 | 270/| 4 | 6 | a —_ 
R. 445 only 5 | 70 | 105 nt eon mtg — 
R. 445 + B, supplement 9 | 122 | 237 | 0 | 1 ‘i. 
R, 445H only 15 | 66 | 108/| 3 . 7 — 
R. 445H + B, supplement 9 | 92 | 250] 0 | 2 ee ae 
= 446 only 9 | 5] #4] 38 | gt ee — 
R.446 + B,supplement | 12 | 75 | 160 | i ial Las A ches ak 
R. 448 only 13 | 65 | 60/ 11 | 13 | 0 | Severe 
R, 448 + B, supplement 12 97 190 1 12 | 0 | Variable 
a] (slight) | _ sat 
R. 449 only 10 74|/—/]10 | 10 | O + Marked 
R. 449+ B,supplement | 3 | 117 | 320 | 0 ee | Marked 
R. 450 only 12 66 | — 12 | 9 | 3 | Marked 
R. 450+ B,supplement | 6 | 120 | 375 0 | 0 | 6 | Variable 
R. 451 only | 12 | 80 | 190 6 | 12 | 6 | Slight 
R. 451+ B,supplement | 12 | 160 | 390 0 | 0 | 12 | Normal 
R. 452 only | 2 | 78 | — | 26 | 26 o- Fes 
R. 452 + B,supplement | 15 | 147 | 360 0 | 0 | 15 | Normal — 


Further purification of the liver residue was thought ad- 
visable. Since the ‘growth factor’ has been shown to be com- 
pletely insoluble in water, additional water extraction of the 
liver residue, with removal of 30 per cent solids, had no 
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effect on its growth factor potency. This re-extracted residue 
was then autoclaved 10 hours, and fed in synthetic diet 443 
(table 1) in combination with autoclaved crude casein. Again, 
reference to table 2 will show that this change did not reduce 
the rate of growth or increase the occurrence of paralysis. 
The record for the vitamin B, supplement used in ration 443 
(table 2) indicates that B, had not been reduced materially, 
but that possibly other factors had been injured. 

In synthetic ration 445, crude casein, which had been both 
autoclaved 5 hours and heated 24 hours at 120°C., was fed 
in combination with re-extracted autoclaved liver residue. 
Although the rate of growth of birds receiving this diet was 
markedly reduced, symptoms of B, deficiency were not ob- 
served in all cases. When vitamin B, was added to diet 445 
growth was sub-normal. If, in addition to the autoclaved 
casein, the re-extracted liver residue and dextrin were sub- 
jected to heating at 120°C. for 24 hours (ration 445H, table 1), 
results similar to those with ration 445 were obtained. 

With failure of heat treatment as a means of purification 
of the synthetic diet with respect to vitamin B,, an attempt 
was made to modify the ration by reducing the crude casein 
and autoclaved liver residue constituents to 12 per cent and 
5 per cent respectively. It seemed possible that essential 
nutritional factors, as yet undescribed, were present in the 
crude casein and liver residue, and were being destroyed by 
the drastic heat treatment used in diet 445H. We thought it 
possible to reduce the absolute amount of B, in the diet by 
reducing the casein and liver residue content, and still retain 
a supply of unknown constituents. Reference to table 2 will 
indicate that ration 446 (table 1) was unsuccessful with re- 
spect to rate of growth and occurrence of paralysis. Little 
more than maintenance of weight occurred in birds receiving 
this diet, and the onset of the paralytic symptoms was gradual, 
giving a chronic type of the deficiency disease. With the ad- 
dition of 18 per cent whole liver as a B, supplement to ration 
446, the growth rate was subnormal and paralysis occurred in 
several of the animals. A comparison is made in the growth 
charts for these animals presented in figure 1. 
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A source of uniform chicks. Throughout this work the lack 
of uniformity among individual chicks was a marked feature, 
particularly a lack of uniform response in groups of chicks 
of different hatching, and of different seasons of the year. 
Storage of nutritional factors in the egg is known to be in- 
fluenced by the diet of the hen, which varies considerably dur- 
ing the year under ordinary poultry practices. To reduce 
this variation to a minimum, eggs were selected from a pen 
of twenty-four laying hens kept at the poultry department 
under the same conditions throughout the year. These hens 
were kept inside the brooder house with windows open, and 
were fed the following ration: 


Basal mash Ration for hens 
Per cent 
Ground yellow corn 100 Basal mash 39.6 
Ground whole oats 50 Cod liver oil 0.4 
Wheat bran 100 Whole yellow corn 40.0 
St. wheat middlings 100 Whole wheat 20.0 
Meat scrap 75 


Dried skim milk 25 
Ground alfalfa hay 50 
Salt 5 


The hens kept under winter conditions throughout the year, 
and fed a ration relatively low in vitamin B,, produced chicks 
with a uniformly low storage of this factor. These chicks 
were used in all subsequent experiments. 

Further purification of the synthetic ration. The ideal 
synthetic diet is one in which the ‘non-purifiable’ constituents 
are reduced to a minimum; however, the cost of vitamin con- 
centrates available is prohibitive for routine assay of a factor 
such as B,, Synthetic diet 448 (table 1) was devised with the 
idea of reducing as much as possible the supplements contain- 
ing the vitamin B factors, particularly. 

In ration 448 the 8 per cent Anheuser-Busch yeast was sup- 
planted by Merck crystalline vitamin B(B,), 5 micrograms 
daily, and 2 per cent liver extract powder as a source of vita- 
min G and flavin (Elvehjem and Koehn, ’35). The growth 
factor supplement, autoclaved liver residue, was reduced to 











522 0. L. KLINE AND OTHERS 


a level of 2 per cent. Vitamins A and D were furnished in 
2 per cent cod liver oil. At this point in our experiments it 
was found necessary, due to the fine sensitivity of the chick 
to inorganic salt balance, to replace salts 40 with salts I of 
the following composition: 


Salts I 
NaCl 335 Fe(C,H,0,),6H,O 55 
K,HPO,.3H,O 845 KI 1.6 
Ca,H,(PO,),4H,O 190 MnSO,.4H,O 0.7 
MgSO,.7H,O 204 ZnCl, 0.5 
Caco, 600 CuSO,.5H,O 0.6 


Ratio—Ca: P = 1.88: 1.00 


In a synthetic ration containing 5 per cent of salts I and 
18 per cent casein the ratio of Ca: P = 1.37: 1.00. 

Crude casein was purified for use in diet 448 by alternate 
solution in dilute NH,OH, precipitation with dilute HCl, and 
washing of the precipitate with water. Five hundred grams 
of crude casein were dissolved in a 10-gallon volume of dis- 
tilled water by addition of 500 ce. of 5 per cent NH,OH. The 
casein was precipitated by addition of 5 per cent HCl to the 
isoelectric point of the casein. The supernatant serum was 
removed by siphoning, and the precipitate was washed in a 
10-gallon volume of distilled water. Two additional precipita- 
tions were carried out, and the finally washed casein filtered 
and dried at 50°C. before a fan. The purified casein was fed 
in diet 448 at the level of 18 per cent, and 71 per cent of 
dextrin completed the ration. 

Of thirteen animals receiving ration 448, all exhibited acute 
symptoms of B, deficiency. Eleven died during the fourth 
week of the experiment, the remaining two showing a decline 
in weight during the sixth week. When a vitamin B, supple- 
ment was added to ration 448, the vitamin B(B,) which was 
fed by pipette became a limiting factor, causing decreased food 
consumption and consequent decreased B, intake. All animals 
receiving ration 448 plus B, supplement had slight but definite 
symptoms of paralysis. 
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It was necessary to use a less destructible and more con- 
stant source of vitamin B(B,). It was found possible to use a 
dried brewer’s yeast (no. 118) obtained locally, which by 
assay was known to furnish sufficient vitamin B(B,) for chicks 
at a level of 0.5 per cent. This yeast was added to diet 449 
at the level of 1 per cent, and to diet 450 (table 1) at the 
level of 2 per cent, the latter of which proved most satis- 
factory, as is indicated in table 2. Growth charts of animals 
receiving diet 450 and diet 450 with added B, are presented 
in figure 1. 

The gizzard factor. Routine post-mortem examination of 
all animals receiving basal diets 448, 449 and 450 consistently 
revealed the occurrence of lesions in the lining of the gizzard 
similar to those described by Dam and Schoénheyder (’34). 
According to a system of grading the severity of these lesions, 
we used the terms normal, slight, marked, severe and very 
severe. The lesions were found in gizzards of all animals 
on the above-mentioned diets, and were graded either marked 
or severe (table 2). From previous experiments we had 
found that vacuum dried lung tissue has a preventative effect 
on the gizzard lesions, and levels as low as 5 per cent may 
be used to ensure a normal lining in the gizzard. Lack of the 
substance preventing occurrence of lesions in the gizzard has 
a profound effect upon the growth of these birds. Whether 
it is a primary or a secondary effect due to lack of absorption 
of other required factors has not been determined. Further 
evidence for the essential nature of this substance will be 
presented in a later paper. It was found necessary, following 
purification of the casein, to add a source of the factor pre- 
venting gizzard lesions. 

In synthetic diet 451 this factor was supplied in 5 per cent 
vacuum desiccated lung tissue. This material replaced an 
equivalent amount of dextrin. In six of twelve birds receiving 
this ration the acute type of paralysis was observed during 
the third week of the experimental period followed by death 
within 48 hours, while the remaining six exhibited only slight 
symptoms, and continued their growth throughout the 6-week 
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period. Gizzard examination revealed only slight erosion 
areas in the gizzard lining, while with added B, (table 2) 
growth and gizzard lining were normal, and there was com- 
plete freedom from paralysis. 


gm 








Fig. 1 Representative growth charts for the synthetic diets indicated, demon- 
strating the development of a successful synthetic diet for vitamin B, study in 
chicks. 
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A parallel study on the solubility of the factor preventing 
gizzard erosion showed it to be insoluble in water, giving a 
method for purifying the lung tissue of its probable vitamin 
B, content. This water extraction of the lung tissue was 
earried out, with a removal of 25 per cent solids, by extract- 
ing the finely ground lung substance three times with hot 
water. This material, added at the 5 per cent level in ration 
452, gave satisfactory results with respect to normal gizzard 
lining and 100 per cent occurrence of acute vitamin B, de- 
ficiency. Addition of B, to this ration gave normal growth, 


TABLE 3 
Use of B, supplements in ration 452 
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5 per cent peanut | 6} 8 | — 3 ee | Slight 
10 per cent peanut ee i ee oa 6 | 0 | Slight 
| | | | (slight) | 
15 per cent peanut | 12 | 143 | 360 — {| oOo | © |Normal 
No supplement 26 | 78 — S. 4. il 26 =| Slight 





normal gizzard lining, and complete freedom from paralysis. 
Constitution of ration 452 is given in table 1. The data for 
growth and occurrence of paralysis are found in table 2. In 
figure 1 are presented growth charts for animals receiving 
ration 452, and 452 with added vitamin B, supplement. 

An illustration of the use of ration 452 in testing the vita- 
min B, potency of some food materials is given in table 3. 
Animal tissues were obtained fresh and carefully dried at 
50°C. The peanuts used were unroasted, and kept in the shell 
until needed. They were dried at 50°C. before being ground 
with the synthetic ration. The rations were compounded 
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weekly to insure presence of sufficient vitamins A and B,, 
factors which are inactivated by oxidation. It is readily seen 
that 15 per cent of dried brain tissue, dried kidney, or peanuts 
supplies sufficient vitamin B, These supplements at levels 
of 10 per cent or below were found to be inadequate as a 
source of vitamin B,. 


DISCUSSION 


Our experience with the use of experimental synthetic diets 
for chicks has brought to our attention a number of interest- 
ing facts. Other workers have experienced similar phe- 
nomena, and some have been described in the literature, but 
a re-emphasis is necessary. In the first place, it is impossible 
to state that one has used a specific ration for the production 
of a certain nutritional deficiency. All we can say is that a 
ration has been compounded according to a definite formula. 
Where the ingredients used in a single laboratory vary from 
one experiment to another and with each new purchase, it is 
not surprising that even greater variations occur when the 
so-called similar rations are compounded in different labora- 
tories. Perhaps one of the greatest offenders in synthetic 
rations used for both chicks and rats is casein. Casein manu- 
factured at different times of the year certainly must vary 
when the nutritive value of the milk from which it is made 
varies. Extraction of casein with various solvents is probably 
not the most effective means of purifying casein. The particles 
are still intact and contaminants are not exposed to the 
solvent. We found that the greatest improvement in our 
ration depended upon the reprecipitation of the casein. Simi- 
lar results have been obtained in studies with other vitamins 
and will be reported later. 

Heat has not been found a satisfactory means of purifica- 
tion or separation of factors which do not differ greatly in 
their heat stability. There occurs an over-lapping destruc- 
tion which does not give clearly defined results. 

The reduction of the yeast in our diet was also a decided 
advantage. Although yeast is quite low in vitamin B,, dif- 
ferent batches undoubtedly vary in the amount of this factor 
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which they carry. The introduction of liver extract in place 
of part of the yeast seems to have a definite beneficial effect, 
although it is difficult at present to know if the liver extract 
supplies other essential factors, or if the known factors are 
more available. 

Another fact which is readily evident is that we must give 
consideration to factors in the B complex other than B,, Bz, 
B, and flavins. Upon greater refinement of our synthetic diet 
it has become necessary to add a supplement to prevent the 
gizzard lesions. Unless this factor is supplied it is impos- 
sible to make intelligent studies of vitamin B,. Paralysis due 
to poor absorption may occur in chicks receiving ample 
amounts of B, if the chick is suffering from gizzard lesions. 
This is but another example of the interrelationship of the 
vitamins. 

It is also important to mention that although we speak of 
ration 452 as one for the production of vitamin B, deficiency, 
it is impossible to conclude that it is complete in all other 
factors. We know that the addition of 15 per cent peanuts, 
brain, or kidney as sources of B, will produce normal chicks. 
We have also had fair success with certain B, concentrates, 
but until normal chicks are reared on ration 452 plus pure 
vitamin B, the possibility of still other factors must be con- 
sidered. We also want to emphasize that ration 452 may not 
be a perfect ration for B, assay. Many improvements may 
be made in the future, but it is the best available at present. 

The variation in the store of factors under question at the 
time an animal is placed on experiment will probably receive 
more and more attention. Studies on vitamins B(B,) (un- 
published data) and D (Kline, Elvehjem and Halpin, ’35) 
have demonstrated that feeding varying amounts of these 
factors to hens has no appreciable effect upon the rate at 
which chicks produced from these hens develop the respective 
deficiency diseases when placed on diets very deficient in these 
factors. It is evident from our work, however, that the vita- 
min B, storage of chicks from hens fed supplements high in 
this vitamin may be considerably increased. Somewhat 
similar results have been obtained in the case of the rat. 
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SUMMARY 


1. A revised method for the study of vitamin B, in chicks 
has been described. 

2. Changes in a synthetic ration for these studies, previ- 
ously described, include purification of the casein and use 
of highly potent sources of the factors in the B complex other 
than B,. 

3. It was found necessary to add to the ration a substance 
which prevents the occurrence of lesions in the lining of the 
gizzard of the experimental chicks. Dried lung tissue is a 
potent source of this ‘gizzard factor.’ 

4. On the improved basal synthetic ration a nutritional 
paralysis occurs in 100 per cent of the animals, which may 
be prevented by addition of supplements such as peanuts, 
brain, kidney or liver tissue. 
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ONE FIGURE 
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As early as 1931, Ringrose and co-workers (’31) described 
the occurrence of a pellagra-like syndrome in chicks and later 
Kline et al. (’32—’33) reported ‘‘a method for the production 
of definite symptoms of pellagra in the chick’’ (Elvehjem and 
Koehn, ’35). This method was successfully used in vitamin 
G (B,) studies by Elvehjem and Koehn (’35) as well as by 
Stare (’35). Lepkovsky and Jukes (’35), however, conclude 
that the syndrome produced by the method of Kline is not 
due to a deficiency in ‘‘vitamin G, the pellagra-preventive 
(P-P) factor of Goldberger and co-workers (’28).’’ In view 
of these publications it seems desirable to report the follow- 
ing data obtained at these laboratories with chicks, wherein 
the observations are considered in parallel with studies of 
the dermatitis in rats (Bender et al., ’°36 and Ansbacher et al., 
36). 


EXPERIMENTAL 


The chicks used were day-old single comb white Leghorns 
weighing from 35 to 45 gm. The experimental groups con- 
tained from fifteen to twenty individuals housed in wire 
screen compartments 24 < 26 X 18 inches, electrically heated 
and equipped with raised wire screen (3 mesh to the inch) 
bottoms. The basal rations were fed ad libitum and the 
various supplements were administered daily with a pipette. 
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Weights and observations of pathological symptoms were 
recorded twice a week. The data reported hereinafter were 
taken from comparable studies carried out over a period of 
about 7 months and involving approximately 800 chicks. 

The basal ration no. 240-H proposed by Kline et al. (’32- 
33) was employed. This ration consists of a mixture con- 
taining commercial casein, 12 parts; wheat middlings, 25 
parts; yellow corn, 58 parts; and salt (common), 1 part; this 
mixture is heated to 95-100°C. for 144 hours and then cod 
liver oil, 2 parts, and calcium carbonate, 2 parts are added. 
Inasmuch as numerous data have accrued at these labora- 
tories showing the variable character of the results obtained 
from vitamin studies wherein caseins of unknown history and 
different origin have been used, Kline’s ration was modified 
for many of the comparative studies reported in the follow- 
ing. This modification consisted of heating the grain mixture 
in the absence of the commercial casein and substituting 
vitamin-free casein (Labco)' for the commercial casein. The 
unheated vitamin-free casein was mixed with the other com- 
ponents of the ration after such components as the grains 
and salt had been heated. 

The results obtained from the unsupplemented basal ration 
containing the heated commercial casein and those obtained 
from the unsupplemented ration containing the unheated 
vitamin-free casein are shown in figure 1, graph 1. At the 
end of 5 weeks, 88 per cent of the chicks receiving the former 
ration showed the typical peliagra-like syndrome observed 
by various authors previously cited; 93 per cent of those 
receiving the unheated vitamin-free casein also showed the 
typical syndrome in severe form. These data would seem 
to indicate quite conclusively that the unheated vitamin-free 
casein (Labco) is fully as effective in permitting the develop- 
ment of the syndrome as the commercial casein heated to 
about 100°C. for 6 days. It is to be noted, however, that the 
rate of growth of the chicks receiving the heated commercial 


*The Labco vitamin-free casein is distributed by The Casein Company of 
America, Inc., New York. 
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casein was somewhat greater than that of those receiving 
the unheated vitamin-free casein, notwithstanding the fact 
that the incidence and severity of the pellagra-like syndrome 
was substantially the same for both groups. 
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Fig.1 The influence of commercial and vitamin-free casein on the rate of 
growth and incidence of the pellagra-like syndrome in chicks. 
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The significance of the difference in vitamin character of 
the two caseins is further illustrated by the results obtained 
from the comparative studies summarized in graphs 2 and 3 
of figure 1. The milk vitamin concentrate, reported by 
Ringrose et al. (’31) to have prevented the onset of the 
pellagra-like syndrome in chicks, was fed at the 120-mg. level 
as a daily supplement to chicks receiving the basal rations 
containing the two types of casein (fig. 1, graph 3). The 
milk vitamin concentrate rendered lactoflavin-free by treat- 
ment with fullers’ earth was similarly fed to numerous ex- 
perimental groups of chicks receiving the two types of casein 
(fig. 1, graph 2). It will be noted that the rate of growth was 
considerably less with the unheated vitamin-free casein 
rations than with the heated commercial casein rations. 
Furthermore the milk vitamin concentrate at the 120-mg. 
level prevented the dermatitis irrespective of the caseins used 
in the basal rations. However, the lactoflavin-free material 
fed at the same level afforded protection only when the basal 
ration contained the heated commercial casein. When the 
basal ration contained the unheated vitamin-free casein, 43 
per cent of the chicks manifested the pellagra-like syndrome 
of the same character as that observed from the feeding of 
the unsupplemented basal rations. It may be stated paren- 
thetically that the lactoflavin-free material at the same level 
has been found not to prevent the occurrence of dermatitis 
in rats receiving a basal ration containing sucrose as the 
carbohydrate (Bender et al., ’36). 

These observations seem to show that the heated commer- 
cial casein although capable of giving consistent results in 
the study of the incidence of the pellagra-like syndrome in 
chicks, nevertheless contains a growth-promoting factor not 
contained in the vitamin-free casein (Labeo). The unknown 
conditions concerned in the precipitation and production of 
commercial caseins are such that there is bound to be a sub- 
stantial and variable retention of the water-soluble factors 
contained in the original milk. Inasmuch as the milk vitamin 
concentrate used in these studies gives results compatible in 
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respect to growth promotion with those obtained from com- 
mercial caseins, it is proper to assume that commercial caseins 
carry a substance or substances of the same character as those 
contained in the milk vitamin concentrate. The data indicate 
that such a factor or factors are heat-stable and growth- 
promoting. Furthermore it appears that fullers’ earth re- 
moves at least a part of the antipellagra factor carried by the 
milk vitamin concentrate, since the fullers’ earth treated 


TABLE 1 
Influence of vitamin B (B,), lactoflavin and rice polish concentrate on growth and 
incidence of pellagra-like syndrome in chicks fed a basal ration 
containing unheated vitamin-free casein 





























z PELLAGRA- AVERAGE WEIGHT 
SUPPLEMENTS e488 a... erie 
CHIOKS | ryorENnce | 33 weeks | 5 weeks 
ect eet See ae ~~ per cent 
None 83 93 87 102 
12.5 y vitamin B 16 88 97 
10.0 y lactoflavin 31 87 94 
12.5 y vitamin B and 10.0 y lactoflavin 16 94 93 See 
5 mg. rice polish concentrate 16 75 81 102 
25 mg. rice polish concentrate 17 70 88 100 
25 mg. rice polish concentrate + 7.0 7 | 
lactoflavin 16 69 92 109 
50 mg. rice polish concentrate 17 53 103 123 
120 mg. rice polish concentrate 17 0 107 137 
120 mg. rice polish concentrate + 7.0 7 
lactoflavin | 18 0" 115 150 
240 mg. rice polish concentrate | 17 0 97 135 





*A small percentage of these chicks showed a very mild form of the pellagra- 
like syndrome. 


concentrate, when supplementing the unheated vitamin-free 
casein ration, protected chicks only if fed at more than twice 
the level at which the concentrate not so treated afforded full 
protection. 

In view of the above results the basal ration containing 
the unheated vitamin-free casein was used for the studies 
summarized in table 1. Crystalline vitamin B (B,), fed as 
a daily supplement at the 12.5y level, had no significant 
influence on the incidence of the pellagra-like syndrome, 
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neither had 10.0 y of crystalline lactoflavin nor the combina- 
tion of these two crystalline products. However, the rice 
polish concentrate, previously shown to protect and cure rats 
from dermatitis (Bender et al., ’36 and Ansbacher et al., ’36), 
was found to contain the factor or group of factors which 
prevents the onset of the syndrome in chicks. At the 50-mg. 
level this concentrate protected about one-half of the experi- 
mental chicks; when fed in amounts of at least 120 mg., it 
afforded full protection. The influence of lactoflavin on the 
rate of growth is indicated in the experiments in which as 
little as 7.0 y of crystalline lactoflavin was fed in conjunction 
with either 25 mg. or 120 mg. of the rice polish concentrate. 

The results obtained from the use of the unheated vitamin- 
free casein (Labco) in place of the heated commercial casein 
in Kline’s ration, seem to be of particular significance in 
directing attention to the basic importance of the character 
of the caseins used in studies concerning the various entities 
of the vitamin B-complex. If it were possible at the present 
time to determine with surety the exact biological value of 
the various caseins which have been employed for the various 
investigations reported heretofore, it is quite probable that 
many of the apparent discrepancies could be readily recon- 
ciled. The results reported herein seem to confirm the early 
observations of Goldberger and associates (’28) that the P-P 
factor can be adsorbed on fullers’ earth. Lepkovsky and 
Jukes (’35) consider the possibility of a multiplicity of fac- 
tors having antipellagric properties, because they and other 
investigators (Elvehjem and Koehn, ’35; Stare, ’35) were 
unable to confirm Goldberger’s work. In reality these appar- 
ent discrepancies might conceivably be due in part at least 
to the character of the basal rations used particularly in re- 
spect to their casein constituent. 
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SUMMARY 


The use of an unheated vitamin-free casein yielded con- 
sistent evidence in showing that the heated commercial casein 
as a constituent of the 240-H ration of Kline et al. (’32—’33) 
contains a factor or factors which accelerate the rate of 
growth and diminish the incidence of the pellagra-like syn- 
drome in chicks. 

Concentrates prepared from milk and from rice polish con- 
tain a factor or group of factors which prevents the onset of 
the pellagra-like syndrome in chicks. 

Crystalline preparations of vitamin B and of lactoflavin do 
not prevent the development of the syndrome in chicks. 

The factor or group of factors preventing the pellagra-like 
syndrome in chicks may be adsorbed on fullers’ earth. 

The data as a whole indicate that the factor or group of 
factors which prevents and cures the dermatitis in rats 
(Bender et al., ’36 and Ansbacher et al., ’36) is identical with 
that which prevents the pellagra-like syndrome in chicks. 
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In recent years a great deal of attention has been given 
to the importance of vitamin D in the human dietary and 
particularly to the desirability and means of enhancing the 
milk supply in this factor. The methods by which the latter 
has been achieved are well known and relatively little thought 
is now given to the antirachitic potency of milk produced 
under ordinary farming conditions. Although many studies 
have been made of the vitamin D content of cow’s milk, none 
of them has been of a comprehensive nature. Table 1 sum- 
marizes the results of some of these investigations. 

Similar trends in variations of the vitamin D potency of 
milk are indicated by the work of other investigators. Luce 
(’24) found milk from pastured cows definitely richer in vita- 
min D than that from stall-fed cows kept in the dark. Luce 
concluded that the concentration of the antirachitic factor in 
milk depended on the ration and possibly also on the degree 
of illumination received by the cow. Chick and Roscoe (’26) 
found 0.25 gm. of milk fat from pastured cows equal to 0.60 
gm. milk fat from cows fed green feed in a dark stall. Ex- 
posure of the cow to outdoor light without a change in ration 
resulted in a twofold increase in the vitamin D content of 


*The data in this paper were taken from the thesis presented by H. Ernest 
Bechtel to the faculty of the Graduate School of Michigan State College in 1935 
in partial fulfillment of the requirements for the degree of doctor of philosophy. 
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the milk fat. Dutcher and Honeywell (’27) examined some 
Kansas butter samples and found that milk fat from cows 
exposed to sunshine was superior in vitamin D potency to fat 
produced by cows fed in the dark. 

These and other studies which might be mentioned indicate 
in a general way the variations that occur in the vitamin D 
potency of milk and the factors which contribute to this varia- 
bility. However, most of the work done has been of a rather 
fragmentary nature so that it seemed desirable to make a 
more extended study of the subject. 

















TABLE 1 
Siti i | VITAMIN D CONTENT OF NORMAL MILK 
UNITS PER QUART 
SOURCE OF DATA wc? 
U.S.P2 | Steenbock 
Steenbock and associates (Wisconsin) (’30) | June 1925 213 | 79 
|September 1925) 36.5 13.5 
Mitchell and associates (Pennsylvania) (’32) |Summer milk 16.2 6.0 
Krauss (Ohio) (’33) [Winter milk 7.6 2.8 
pe milk 16.2 6.0 
Russell (New Jersey) (’33) |Summer milk 
|Alwayslessthan| 43.2 16.0 








*The values in this column were obtained by multiplying the number of 
Steenbock units by 2.7. 


MATERIALS AND METHODS 


This study was begun in 1932, the milk being derived from 
various sources. Milk from the Holstein and Guernsey herds 
at Michigan State College was assayed monthly over a period 
of 2 years. Only the higher producers, namely, cows that 
were being milked three times daily were used, the average 
number of Holstein and Guernsey cows being fourteen and 
eight, respectively, for the 2-year period. From these cows 
100-pound portions of composite 24-hour samples were saved 
monthly. 

Monthly samples of a similar nature were derived from a 
few of the highest producing cows in the Holstein herd of the 
Michigan Experiment Station. These cows were kept on a 
ration of alfalfa hay, silage and corn. 
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From July 1933 to July 1934 monthly samples of Michigan 
State College Creamery butter, made from milk produced by 
local Michigan dairymen, were also put aside for vitamin D 
assays. Approximately fifteen herds, consisting largely of 
grade Holstein cows were represented in this group of 
samples. 

In the case of the milk a small portion was used for a fat 
determination, the remainder being run through a cream 
separator. The butter obtained by churning the cream was 
packed in paper cartons and stored at 0°F. until the samples 
were to be assayed. At this time the butter was heated on a 
steam bath for about an hour and the relatively pure milk 
fat upon which the assays were conducted was suctioned off. 
Except when needed for assay, the fats were kept at 0°F. 

The vitamin D determinations were carried out by the 
curative feeding technic, several changes being made in the 
official procedure. The Steenbock basal ration was slightly 
modified to obtain more consistent and somewhat better 
growth of the rats during the preliminary period. The 
rachitogenic diet used throughout this study was composed 
of the following: 


Per cent 
Yellow cornmeal 38.0 
Oatmeal 37.5 
Wheat gluten 20.0 
Calcium carbonate 3.0 
Sodium chloride 1.0 
Yeast powder 0.5 


Instead of feeding the fat as a daily supplement during 
the first 8 days of the test period, the entire amount was mixed 
with 40 gm. of the basal diet. This mixture was found to be 
consumed in 6 to 8 days after which the basal diet was fed to 
finish the 10-day period. Control rats receiving 29 mg. of 
Official Reference Oil equivalent to 2.7 U.S.P. units were used 
for comparison. The usual staining technic was applied to 
the radii and ulnae. 

In carrying out the assays a preliminary test was made 
to determine the approximate vitamin D content of the vari- 
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ous samples. The confirmatory tests were then conducted at 
three levels using three to five rats at each level. 

It became apparent early in this investigation that fats 
of low potency could not be assayed because of the limited 
capacity of the rats to consume fat. Amounts up to 6 and 
8 gm. were consumed fairly consistently. However, when the 
dosage was increased to 10 gm. approximately only half of the 
test animals consumed the fat-basal diet mixture in 8 days. 
Attempts were therefore made to effect a concentration of the 
vitamin D so that fats of lower potency might be assayed. 
Although the work of Kon and Booth (’34) indicated that at 
least a part of the vitamin D of butter fat was unstable and 
could not be recovered quantitatively in the non-saponifiable 
matter, their method as well as several modifications were 
given a trial. Sometimes the recovery of vitamin D was 
quantitative, but more often it was not, so that this method 
of concentration was abandoned. 

Inasmuch as the concentration of vitamin D in cod liver 
oil may be accomplished by extraction of the oil with alcohol, 
this method was next tried and proved to be satisfactory. The 
fats of low potency were therefore treated in the following 
manner: 100 gm. of melted milk fat was placed in a separa- 
tory funnel previously warmed in a 37°C. oven and 100 ce. 
of hot ethyl aleohol (95 per cent) was added. The mixture 
was then shaken fairly vigorously and the funnel placed into 
the 37°C. oven until the layers had separated. The fat was 
then drawn off into a warm beaker and the alcohol layer into 
a 500 cc. volumetric flask. The fat was returned to the sepa- 
ratory funnel and the beaker rinsed with 50 cc. of hot alcohol 
which was then added to the fat. The mixture was again 
shaken and the layers allowed to separate in the oven. The 
separations were made as before and three additional ex- 
tractions carried out with 50 ce. portions of hot alcohol. By 
this process approximately 20 per cent of the fat was removed 
and this fat contained all of the vitamin D. The combined 
extracts were brought to a volume of 500 cc. with ether in 
order that the fat would be kept in solution. It was observed 
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that the antirachitic value was retained for at least 2 months 
when the extract was stored at 0°C. Aliquots of this solution 
were poured on 40 gm. portions of the rachitogenic diet in 
evaporating dishes and the ether and alcohol allowed to 
' evaporate spontaneously. These mixtures were then fed in 
the usual manner. 





























TABLE 2 
Antirachitic potency of milk fat obtained from the Holstein herd* 
| FAT-CONTAIN- AVERAGE DAILY VITAMIN D PER AVERAGE 
DATE ING 1U.s.P, | PRODUCTION PER COW | FATIN | QUART OF MILK DAILY 
VITAMIN D -_ MILE AMOUNT OF 
UNIT Fat | Vitamin D veP.| a | omens 
Bia tad gm. | U.S.P. per cent | hours * 
1932 
July 1.5 817 | 545 3.26 | 178 | 66 11.5 
August 1.1 717 | 701 2.88 | 20.2 | 7.5 10.0 
September 11 s62 | 784 3.53 | 27.7 | 10.3 7.8 
October 3.3 748 | 227 2.78 6.3 2.3 3.3 
November -= os | = _— a “= 4.0 
December a — | — —_ -- | oo 3.0 
1933 | | 
January 5.6 | 826 | 148 3.15 46 | 1.7 4.1 
February | 9.3 | 875 | 94 3.26 81 | 1.1 7.1 
March 3.7 835 | 296 2.97 6.7 | 25 4.4 
April i @ 748 | 202 2.93 59 | 22 6.8 
May | 3.0 730 243 2.89 70 | 26 8.5 
June — ~ = = —-{i|j—- 12.7 
| | 
July 1.5 | 776 | 517 3.20 | 166 | 6.1 12.8 
August | 1.9 862 | 454 3.28 | 14.9 5.5 10.8 
September 1.5 780 | 520 2.98 15.5 5.7 7.1 
October 3.7 690 | 186 2.96 5.5 2.0 6.0 
November 7.4 753 | 102 3.19 3.2 1.2 2.0 
December — | _ | =e — = ann 1.4 
1934 | 
January _— | —_ | -- — — —_ 2.3 
February | 7.4 844 | 114 3.17 3.6 1.3 5.9 
March 7.4 | 939 | 127 3.29 4.2 1.6 5.0 
April 4.4 | 871 | 198 3.06 6.1 2.3 6.0 
May 3.0 | 98 | 299 3.31 9.9 3.7 11.3 























* Average of fourteen cows per month. 

* Steenbock. 

* Average amount of available sunshine according to the East Lansing Weather 
Bureau. 
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The above method permitted practically complete recovery 
of the vitamin D from samples of milk fat of which 2 to 10 gm. 
had to be fed of the original fat to get the typical narrow 
continuous line of calcification. 
way of checking the fats of lower potency directly, it had to 
be assumed that the method was also satisfactory for such 


TABLE 3 


Inasmuch as there was no 


Antirachitic potency of milk fat obtained from the Guernsey herd* 





DATE 


1932 
July 
August 
September 
October 
November 
December 


1933 
January 
February 
March 
April 
May 
June 





July 
August 
September 
October 
November 
December 


| 


| 

| 

| 
1934 | 
January 
February 
March 
April | 
May 


* Average of eight cows per month. 


FAT-CONTAIN- 
ING 1 U.8.P. 
VITAMIN D 

UNIT 
gm. 
1.1 
1.1 
1.3 
3.0 
3.7 
3.7 


4.4 
9.3 
3.7 


3.0 


1.5 
1.9 
1.9 
2.6 
3.7 


7.4 
5.6 
3.7 
3.0 


* Steenbock. 
* Average amount of available sunshine according to the East Lansing Weather 


Bureau. 








AVERAGE DAILY 


Fat 


gm. 


649 
685 
708 


708 
930 


907 
835 
762 
658 
694 


744 
853 


721 


912 


866 
835 
826 
871 


PRODUCTION PER COW 





Vitamin D 
a | 


590 
623 
545 
233 
191 
251 


206 

90 
206 
219 
231 


496 
449 
365 
277 
246 











FAT IN 
MILE 


per cent i 


4.93 
4.86 
5.15 
4.52 
4.02 
4.76 


4.42 
4.57 
4.33 
4.34 
4.42 


4.43 
5.09 
4.61 
4.76 
4.86 





VITAMIN D PER 
QUART OF MILK 





| = 
43.8 | 16.2 
43.1 | 16.0 
38.7 14.3 
14.7 5.4 
10.6 3.9 
12.6 4.7 
9.8 3.6 
4.8 1.8 
114 | 42 
14.1 | 5.2 
14.4 5.3 
28.8 10.7 
26.2 9.7 
23.7 8.8 
17.9 6.6 
12.8 4.7 

| 

| 
5.9 | 2.2 
78 | 29 
11.9 | 4.4 
5.9 








AVERAGE 
DAILY 
AMOUNT OF 
SUNSHINE 


hours * 


11.5 
10.0 
7.8 
3.3 
4.0 
3.0 


4.1 
7.1 
4.4 
6.8 
8.5 
12.7 


12.8 
10.8 
7.1 


2.0 
14 


2.3 
5.9 
5.0 
6.0 
11.3 














TABLE 4 





Antirachitic potency of milk fat obtained from the experiment station herd’ 








DATE 


1933 
July 
August 
September | 
October 
November | 


December 


1934 | 
January 
February | 
March 
April | 
May 


AVERAGE DAILY 
FEED INTAKE 


| 26.0 





CJ 5 
ai 8 & 
st 2 te 
< Q | © 
“. | Ow. | i. | 
|} 24.2 | — |15.1| 
| 263 | — | 13.8 | 
26.4 | 5.5 | 8.3| 
| 23.1 | 25.9 | 4.4| 
26.0 | 20.9 | 3.5} 
24.9 | 24.0 | 4.1 
| 
26.1 | 26.0 | 0.3 
21.2 | 19.7 | 3.2 
23.8 | 13.0 | 9.3 
3.6 |12.6| 


1 U.S.P. VITAMIN 


FAT CONTAINING 
D UNIT 


S 
3 


1.3 
1.5 
1.5 
2.6 
3.7 
3.7 


4.4 
4.4 
3.7 
2.2 


| 
| 
| 


a Average of five eows per month. 
? Steenbock. 
* Average amount of available sunshine according to the East Lansing Weather 


Bureau. 


DATE 


1933 
July 
August 


September 


October 


November 


December 


1934 
January 
February 
March 
April 
May 
June 


| | 
| FAT CONTAINING 
1 U.S.P. VITAMIN | 


D UNIT 
gm. 


1.3 
1.9 
1.3 
2.6 
4.4 
3.0 


3.7 


3.0 
1.9 





AVERAGE DAILY 


v 


PRODUCTION | 
PER COW 
| a 
| 
| § 
a1 = 
= > 
gm. | US. 
544 | 418 
617 | 411 
581 | 387 
508 | 195 
662 179 
435 | 118 
hy 
327 | 74 
531 | 121 
535 | 145 


794 


TABLE 5 


FAT IN 


MILE 


per cent 


3.5 
3.5 
3.5 
3.5 
3.5 
3.5 


3.5 


3.5 
3.5 





| 


FAT IN 
MILK 


per cent | 


2.30 
2.64 
3.18 
3.34 
4.02 
3.29 


3.40 
3.73 
2.84 
3.13 


VITAMIN D | 
PER QUART 
MILK & 
Re z 
| oF 
ie <= 
m& | ” 
b | @ a 
"hours? 
173 | 64 | 128 
172 | 64 | 10.8 
20.7 | 7.7 7.1 
12.5 | 4.6 6.0 
10.6 | 3.9 2.0 
8.7 | 3.2 1.4 
— aed 2.3 
7.5 | 2.8 5.9 
83 | 31 | 5. 
75 | 28 6.0 
| 5.1 11.3 


Antirachitic potency of creamery milk fat* 





VITAMIN D PER QUART 
OF MILK 


26.3 
18.0 
26.3 
13.1 


11.4 


9. 


to 


11.4 
18.0 


9.7 
6.7 
9.7 
4.9 
2.9 
4.2 


3.4 


4.2 
6.7 


| Steenbock | 


AVERAGE DAILY 


= AMOUNT OF 


SUNSHINE 


hours # 


12.8 
10.8 
7.1 
6.0 
2.0 
1.4 


2.3 
5.9 
5.0 
6.0 
11.3 
11.8 





* Average of twelve herds of cows per month. 
? Average amount of available sunshine according to the East Lansing Weather 
Bureau. 
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fats. Quantitative recovery was also obtained when a definite 
amount of vitamin D from the official reference oil was added 
to milk fat and subjected to hot alcohol extraction. 

The results of this study of the seasonal variation in the 
vitamin D content of cows’ milk are presented in tables 2, 3, 
4 and 5 and portions of the data are shown graphically in 
figures 1, 2 and 3. The data include not only the results of 
the bioassays but also the average daily production of milk 
fat and the number of vitamin D units in the milk fat. The 
results were also calculated in terms of U.S.P. units per quart 
and these values are presented in figures 1 and 2 with the 
average daily hours of sunshine available each month. To 
simplify the comparison of these results with those given in 
the older literature the antirachitic potency is also expressed 
in terms of Steenbock units. 

Inasmuch as exposure of the cows to sunlight and the in- 
gestion of sun cured roughages are two important factors 
which influence the vitamin D potency of the milk, a brief 
reference to the general management of the several dairy 
herds is appropriate. The main Holstein and Guernsey herds 
of the college were kept under parallel conditions at all times. 
From May to September, inclusive, these animals were 
pastured an average of 8 hours daily and received no hay 
or corn silage. During October they were pastured an aver- 
age of 5 hours daily and received about 1 pound of hay per 
100 pounds of body weight. From November to April, in- 
clusive, the animals were put out doors in dry lot for an 
average of 2 hours daily. During this period in 1932-1933 
they received besides their allowance of grain an average of 
approximately 2 pounds of hay per 100 pounds of body weight, 
no corn silage being included. During the corresponding 
period in 1933-1934 the animals received } pound of hay and 
3 pounds of corn silage per 100 pounds of body weight in 
addition to grain. The average weight of the Guernsey cows 
was 1150 and that of the Holsteins 1400 pounds. 

The Holstein cows in the experiment station herd were out 
of doors in dry lot an average of 7 hours daily from May 
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to September, inclusive, and about 2 hours daily during the 
other months. These cows were kept on a ration of alfalfa 
hay, corn silage and corn as shown in table 4. 

The general management of the local Michigan dairy herds 
which served as the source of the college creamery butter 
samples was typical of that practiced in this state. The cows 
were fed chiefly home grown feeds consisting largely of alfalfa 
and cereal grains and were usually pastured as early and as 
late as conditions permitted. They were probably exposed 
to sunshine for a longer time than the cows in the college 
herds. 

Regarding the assaying of the various samples of butter, 
there was a considerable interval between the time the 
samples were obtained and the time the bioassays were made. 
This delay was due chiefly to the fact that a satisfactory 
method had to be developed before the samples of low vita- 
min D potency could be assayed. However, there appeared 
to be no danger of a loss of antirachitic potency because some 
of the older samples were assayed 30 months after the first 
test was completed, the results indicating that vitamin D in 
milk fat is stable for at least 30 months when the samples are 
stored at O°F. in the dark. 

Practically all of the results given in tables 2, 3, 4 and 5 
were obtained by using the alcohol extraction method, al- 
though most of the summer samples and a few of the more 
potent winter samples were also assayed by feeding the 
original fat. 

DISCUSSION 

In this investigation two assumptions were made which 
appear to be justifiable. It was assumed that all of the anti- 
rachitic potency of cows’ milk is present in the milk fat and 
that there was no significant loss in potency incidental to the 
separating and churning of the cream. 

The standard curative feeding technic was selected for the 
bioassays because this method has a number of definite ad- 
vantages over the prophylactic procedure. Besides the fact 
that the former is much more widely used, it permits the 
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feeding of relatively large amounts of fat without interfering 
with the test itself. In the prophylactic method the addition 
of vitamin D free fat to the basal rachitogenic diet will of 
itself cause a definite increase in the ash content of the bones, 
the increase depending on the amount of fat added. In this 
connection the slight modification of the rachitogenic diet 
seems justified because the rats attained a slightly larger size 
at the end of the preliminary period and had somewhat better 
appetites. This permitted the feeding of larger amounts of 
fat which was necessary in the case of the samples of lower 
potency. Nevertheless there were limitations in the capacity 
of the rachitic rats to consume fat and this necessitated con- 
centration of the vitamin D. The alcohol extraction method 
described above seemed to solve this difficulty. 

Inasmuch as Kon and Booth (’34) had felt that the vitamin 
D in winter milk might be different from that in summer milk 
because of the difference in stability to saponification, some 
of the more potent winter samples were assayed both by feed- 
ing the original fat and an equivalent amount of the extract. 
Although many of the rats failed to consume the larger doses 
of fat during the first 8 days of the experimental period, a 
sufficiently large number was used so that an assay at the 
10-gm. level was made possible. The results indicated that 
there was no apparent loss in vitamin D in making the alcohol 
extractions of the winter samples tested, and served as the 
basis for the assumption that the assays of fats of still lower 
vitamin D potency by this method of concentration might be 
reliable. 

The results obtained demonstrate that milk produced by 
cows managed under practical farming conditions varied as 
much as 900 per cent in antirachitic potency, reaching a maxi- 
mum from June to September and beginning with October, 
declining rapidly to a minimum which usually occurred in 
February. From the assays made on the milk fats it was 
calculated that the maximal potency of the milks examined 
in this study was 43.8 U.S.P. units per quart. Values of 20 
to 30 units per quart were not uncommon during the summer 
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months whereas values of 8 units and less were frequently 
observed during the winter months. These results in a gen- 
eral way corroborate those of other investigators. 

Regarding the factors which contribute to the variability 
in the vitamin D content of milk, the amount of exposure of 
the cows to sunlight probably plays the major role. This is 
strikingly indicated by the excellent correlation between the 
vitamin D potency of the milk and the amount of available 
sunshine as shown in figures 1, 2 and 3. Undoubtedly even 
better correlation might have been obtained if a record had 
been kept of the hours of actual exposure to sunlight as well 
as of the ultraviolet intensity of the sunlight. The lack of 
agreement during February is to be explained on this basis. 

It follows from the above that the vitamin D contained in 
ordinary dairy feeds, particularly roughages and silage, how- 
ever important this source may be to the general well being 
and productiveness of the dairy cow, contributes relatively 
little to the vitamin D content of the milk. Furthermore the 
rapid drop in the antirachitic potency of milk which follows 
the decrease in exposure of the cows to sunlight suggests that 
under ordinary conditions of management and feeding the 
dairy cow has practically no opportunity to build up a reserve 
of vitamin D during lactation. 

In comparing the Holstein and Guernsey samples as shown 
in tables 2 and 3 it is interesting to note that there was little 
difference in the antirachitic potency of the milk fat. How- 
ever, because of the higher per cent of fat in the milk of the 
latter breed, the calculated vitamin D content of the milk was 
greater. 
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SUMMARY 


1. A method is presented for the concentration of the anti- 
rachitic factors in milk fat thus making possible the biological 
assay of fats of low potency. 

2. The monthly assay of milk fats from several sources over 
a period of 2 years shows that milk may vary as much as 
900 per cent in antirachitic potency. Highest values were 
obtained during July, August or September and lowest usu- 
ally in February. Vitamin D values ranging from 4.8 to 
43.8 U.S.P. units per quart of milk were observed in the case 
of Guernsey milk whereas the extreme values for Holstein 
milk were 3.1 to 27.7 U.S.P. units per quart. 

3. The close correlation between the antirachitic potency of 
milk and the amount of available sunshine indicates that the 
exposure of cows to sunlight is the major factor contributing 
to the vitamin D content of milk. 

4. Apparently the cow has little or no opportunity to store 
vitamin D during lactation under ordinary dairy management 
conditions. 
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ONE FIGURE 


(Received for publication March 16, 1936) 


The requirement of protein for the growth of an animal is 
measured by the retention of nitrogen under conditions favor- 
ing the most rapid rate of growth. This is true because all 
(or practically all) of the nitrogen retained during growth 
becomes an integral part of the protoplasmic or structural 
framework of the newly developed tissues. Very little if any 
of the nitrogen so retained is laid down as an inert deposit 
subject to mobilization when the needs of the tissues for pro- 
tein and other nitrogenous complexes are not adequately 
covered by the dietary supply. Under these conditions the 
nitrogen retained daily measures the day to day need for this 
element. 

In the case of other indispensable nutritive elements, such 
as calcium, phosphorus and iron, the situation is quite dif- 
ferent. With each of these elements there is provision in 
some of the tissues for an inert deposit subject to call, as the 
needs of the body dictate. In the case of calcium and phos- 
phorus these inert deposits perform the purely mechanical 

* This investigation was made possible by the donation of funds to the Univer- 
sity of Illinois by the American Dry Milk Institute, Ine. 
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function of giving rigidity to the skeletal and cartilaginous 
framework of the body, but they are, nevertheless, a readily 
available source of supply for calcium (McCrudden, 712; 
Bauer, Aub and Albright, ’29) and phosphorus to the soft 
tissues as the need arises. 

With such elements the requirements for animal growth 
are not necessarily measured by their rate of retention in the 
body under conditions favoring the most rapid development 
of the tissues, for two reasons. In the first place, the reten- 
tion may include a variable fraction used to fill up depleted 
stores. This fraction is not a part of the day to day require- 
ment for the element in question, since it is the expression 
merely of a preceding state of inadequate nutrition with 
reference to it. 

In the second place the retention may include a fraction 
used to fill to repletion the stores developing in the new tissues 
although repletion may not be required for maximum physio- 
logical efficiency. It is quite conceivable, with reference to 
calcium for example, that the skeleton of a rat would hold 
65 per cent of ash, but that a content of 50 per cent is all 
that is needed to maintain a proper rigidity of the bones, and 
a normal content of calcium in the soft tissues in so far as 
this content is dependent upon the calcium content of the 
skeleton. 

At the present time, the existence of the latter fraction is 
somewhat hypothetical though not improbable. Sherman and 
Booher (’31) have shown that the calcium content of rats 
growing on rations varying in their content of this element 
from 0.16 to 0.50 per cent is closely dependent upon the level 
of dietary calcium. Sherman and Campbell (’35) proved that 
a diet containing 0.2 per cent of calcium was deficient in this 
nutrient for rats as indicated by impairment of growth, 
vitality, fertility and ability to nourish the young. Unfortu- 
nately for the purposes of this discussion the carcasses and 
the bones of these rats were not analyzed for calcium. On 
the other hand it has been abundantly demonstrated (Fried- 
man, ’35) that the human infant retains the calcium from 
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cow’s milk at a rate two to three times as rapid as that of 
breast milk in conformance with the much larger content of 
calcium in cow’s milk (0.114 per cent) than in human milk 
(0.031 per cent). It is doubtful that any benefit is derived 
from this more rapid rate of bone calcification. Hence, there 
is room for the belief that benefits accrue to increasing rates 
of calcification of the skeleton only up to a point considerably 
short of complete saturation. If this is true for the growing 
animal, it may be equally true that in the adult maximum 
physiological efficiency is consistent with incomplete satura- 
tion of the bones with calcium. However, until the minimum 
percentage saturation of the calcium stores compatible with 
maximum physiological performance has been determined, it 
would seem to be the wiser course (certainly the safer course) 
to consider complete saturation of the stores as the ideal con- 
dition, and to include in the calcium requirement for growth 
(or maintenance) that amount needed to produce (or main- 
‘ tain) a condition of full repletion. 

The highly variable retentions of calcium by children re- 
ported in the literature may conceivably be due to the variable 
condition of their skeletal tissues with respect to calcium 
saturation. This has been emphasized particularly by Daniels 
and her associates (’34) and by Wang, Kaucher and Frank 
(’28). A variable saturation of the calcium stores of the 
experimental subjects is probably an important factor in the 
discrepancies among estimates of the calcium requirements 
of children: For example, whether these daily requirements 
may be largely covered by the calcium contained in a pint of 
milk or less (Daniels, Hutton, Knott, Wright and Forman, 
35), a quart of milk (Sherman and Hawley, ’22), or more 
than a quart of milk (Jeans and Stearns, ’32). In fact, Daniels 
and co-workers (’35) interpret high retentions of calcium in 
children as being due to previous depletion, and Clark (’26) 
in his studies on the calcium retentions of adults likewise cor- 
relates high retentions with previous inadequate nutrition. 
However, these interpretations are not based upon definite 
evidence of the pre-experimental state of the calcium stores 
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of the subjects, while, in apparent contradiction to them, 
Wang, Kaucher and Frank (’28) observed that their under- 
weight subjects did not store calcium at a much more rapid 
rate than their vigorous normal subjects; also no correlation 
is evident in these experiments between the daily calcium 
retention per kilogram of body weight and the percentage 
under weight of the children. 

Boldt, Brahm and Andresen (’29) have reported some ex- 
perimental evidence for the belief that previous depletion of 
calcium stores will accelerate its storage. The calcium and 
phosphorus metabolism of two infants was studied over a 
period of 3 months, divided into three experimental periods. 
In the first and third periods, the infants were given human 
milk, and in the second period cow’s milk containing a much 
greater content of Ca and P. The retentions of these ele- 
ments were highest in the second period, but in the third 
period the retentions were much lower than in the first period, 
although the intake of calcium was somewhat greater. The - 
results may be explained on the plausible assumption that the 
calcium stores were more nearly repleted at the start of the 
third period than at the start of the first, the greater degree 
of repletion inducing a lower rate of calcium deposition. 

The problem of the effect of the previous condition of the 
calcium stores on the rate of retention of calcium during 
periods of experimental feeding is important to the deter- 
mination of the calcium requirement of man and of all ani- 
mals, and since available information appears insufficient to 
solve the problem, the experiment to be reported in this paper 
was carried out. 


PLAN OF EXPERIMENT 


In this experiment the calcium stores of rats were filled 
to different levels by subsistence in a preliminary period on 
diets varying in their content of calcium from 0.18 to 1.25 per 
cent. In a subsequent period all rats were placed upon the 
diet containing 1.25 per cent of calcium and their retentions 
of this element were then measured both by carcass analysis 
and by collection and analysis of urine and feces. 
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The paired-feeding method was used throughout these ex- 
periments in order that the comparative effects of the diets 
upon the calcium stores of the rats would relate solely to the 
calcium contents of the diets used, and not to the amounts 
of them consumed. 

In the preliminary period three groups of rats, each con- 
sisting of eleven or twelve pairs, were used in three compari- 
sons: First, a comparison of a ration containing 0.18 per 
cent of calcium with one containing 1.25 per cent; second, a 
comparison of a ration containing 0.32 per cent calcium with 
one containing 1.25 per cent; and third, a comparison of a 
ration containing 0.49 per cent calcium with one containing 
1.25 per cent. The rats were started at weights of 40 to 60 
gm. and were fed in this manner for 28 days in the case of 
the first two comparisons, but for only 14 days in the case of 
the last comparison. During this time the growth of the rats 
was somewhat restricted by restriction of food intake. At 
the termination of the preliminary period, three or four pairs 
of rats in each of the three series were sacrificed for chemical 
analysis. The results of this analysis afforded information 
of the calcium saturation of the carcasses effected by the vari- 
ous experimental diets. Compared with analyses of control 
rats analyzed at the initial experimental weights, estimates 
of the relative storages of calcium on the various diets are 
possible. 

At the end of the preliminary period all rats were placed 
upon the highest level of calcium, 1.25 per cent, eight pairs in 
each of the three series being continued in this manner, still 
retaining the paired-feeding technic. On four pairs in each 
series, the combined excreta were collected daily and com- 
posited weekly for analysis of their calcium content. Feces 
markers of Fe,O, or Cr.Os were used at the end of each ex- 
perimental week. When the rats reached approximately 200 
gm. in weight, or somewhat more, they were all sacrificed for 
measurement and analysis. During this period, growth was 
not restricted and the intake of food was such that the desired 
final weights were reached in some pairs in only 2 to 3 weeks; 
in a few pairs, in 5 to 6 weeks. 
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The rations used all contained 23.21 per cent of dried fat- 
free whole egg, 10 per cent of sucrose, 10 per cent of lard, 
3.43 per cent of a salt mixture* containing no calcium or phos- 
phorus, 2 per cent of cod liver oil, 7 per cent of dried yeast, 
39.36 per cent of cornstarch, and 5 per cent of a mixture of 
BaSO, and CaHPO,.2H,O, the components of which were 
adjusted to give the desired percentage of calcium. 

The rations contained an average of 20.75 per cent of pro- 
tein (N X 6.25) and 4.47 calories per gram. The average con- 
tents of calcium and phosphorus were 0.185 and 0.354 per 
cent, respectively, for diet A, 0.318 and 0.484 per cent for 
diet B, 0.487 and 0.574 per cent for diet C, and 1.252 and 1.121 
per cent for diet D. Calcium was determined in food, com- 
bined excreta, and carcasses by the method of McCrudden 
(’10); phosphorus was determined by the Pemberton-Kilgore 
method as modified by Hibbard (713). 


EXPERIMENTAL RESULTS 


It is not necessary to give the individual body weight 
records of the rats during the preliminary period because 
they have no intimate bearing on the problem under study. 
In the comparison of the 0.18 and 1.25 per cent calcium levels, 
the rat on the higher level of calcium, but receiving the same 
amount of food as his pair mate, gained the faster in eight 
of the eleven pairs, the average excess gain being 2.08 gm., 
the standard deviation of differences in gain between pair 
mates being 3.87 gm., and the probability that this was a 


? The mineral mixture contained: 
Per cent 


Potassium citrate, K,C,H,O,.H,O 20.52 
Potassium sulfate, K,SO, 2.08 
Potassium chloride, KCl 19.61 
Ferrie citrate, FeC,H,0,.1.5 H,O 1.48 
Potassium iodide, KI 0.0047 
Manganese sulfate, MnSO, 0.0184 
Sodium fluoride, NaF 0.0578 
Potassium aluminum sulfate, K,Al,(SO,), 0.0057 
Sodium chloride, NaCl 9.07 


Magnesium chloride, MgCl,.6H,O 47.17 
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purely fortuitous outcome being 0.059 according to the method 
of analysis of Student (’08). This difference in gain is slight 
but on the borderline of statistical significance. In the other 
comparisons the differences in gain between pair mates were 
quite insignificant, the pairs dividing five to six in favor 
of the low calcium level in the comparison of the 0.32 and 
1.25 per cent calcium rations, and five to seven in favor of 
the lower level in the comparison of the 0.49 and 1.25 per cent 
calcium rations. The daily gains in body weight in the three 
comparisons averaged 2.33, 2.81, and 5.07 gm., respectively. 
The results of the analysis for calcium of the carcasses of 
the rats killed at the termination of the preliminary period 
are summarized in table 1. The average percentages of 
calcium (computed on the empty weight) in the first compari- 
son were 0.698 for the rats on the ration containing 0.18 per 
cent of calcium and 0.895 for the rats on the ration containing 
1.25 per cent of calcium. In the second comparison, the per- 
centages were 0.704 for the rats on the ration containing 0.32 
per cent of calcium and 0.820 for the rats on the ration with a 
calcium content of 1.25 per cent. In the last comparison the 
average percentages were 0.682 and 0.733, respectively, for 
the rations containing 0.49 and 1.25 per cent of calcium. 
Although the numbers of paired analyses in each compari- 
son were small, the differences between pair mates were quite 
definitely significant statistically in all cases, as the com- 
putations of table 2 indicate. The probabilities given in the 
last column of the table are so small that they may be neg- 
lected. Consequently it may be concluded rationally that the 
observed differences in the calcium content of paired rats were 
produced by the different levels of calcium in the diets upon 
which the rats had subsisted. In other words, the different 
levels of calcium in the experimental diets had in fact induced 
different degrees of saturation of the calcium stores. Hence, 
the purpose of the preliminary period of feeding was realized. 
It will be noted that there was considerable variation among 
the calcium contents of rats reared upon the same experi- 
mental diets. This is particularly noticeable with the rats 
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TABLE 1 
Calcium content of selected rats at termination of preliminary period 


























| BODY WEIGHT ; 
. . hed: a» VERAGE DAILY PER CENT CA j 
wennen "Te RASSON | ne ye a IN CARCASS } 
rineene” = ee ay ~ gm. wi. } gm. gm. se 
1 om | a Is mM 2.3 0.66 
125 | 1% | 128 2.5 0.82 
3s 6| (0s 102 | (8 2.1 0.70 
ee ek ee 2.4 0.98 
| | 
a 100 | 97 1.8 0.73 
| 1.95 105 | 101 ~O'| 2.0 0.88 
| | | 
} | | | | 
coe, ee ee ee 3.4 0.58 
| 1.25 1390 | 387s 3.2 0.70 
. Oy a 1 ae ee 2.5 0.74 
1.25 115 113 2.5 0.85 4 
11 | ose | 98 | 97 | 1.8 0.80 
1.25 108 106 | 2.1 0.91 
| ] 
1 | 049 | 103 101 4.3 0.67 
. ae 103 | 108 | 4.2 0.69 
2 | 0.49 yn 93 | 3.9 0.70 
1.25 97 | 95 3.8 0.72 
3 | 0.49 a 6.0 0.69 
| 1.25 ee che ae 6.0 0.76 
| | 
10 | 0.49 137 | 186 | 5.1 0.67 
| 1.25 eae ee 5.3 0.76 








* Computed on the empty weight. 


TABLE 2 
Statistical analysis of the caleitwm percentages summarized in table 1 











DIFFERENCES IN CALCIUM CONTENT | 
BETWEEN PAIR MATES PROBABILITY OF A 
cane Lavate | wUMRER OF Paine : ("™jourvrrovt 
| Mean * | Standard deviation Cuscens 
 0.18v.125 | 3S | +0197 | 0.059 0.021 
0.32 vs, 1.25 3 | 40.116 0.0065 | <0.014 
0.49 vs. 1.25 4 | + 0.051 0.031 0.034 








* The positive sign indicates that the rat on the higher calcium ration possessed 
on the average the higher content of calcium. 
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reared upon the diet containing 1.25 per cent of calcium, which 
was used in all three comparisons. In particular, the values 
obtained in the third comparison are quite uniformly low. 
The rates of gain in body weight of the rats in the prelimi- 
nary period, presented in the fifth column of table 1, help to 
explain the variations in calcium content of the carcasses. 
There is a very evident negative correlation between rate of 
growth and calcium content of body. More evidence of this 
correlation, as well as a discussion of its significance, will be 
given later. 

The initial calcium content of the rats may be estimated 
from analyses of eighteen contro] rats, eleven males and seven 
females, ranging in weight from 41 to 62 gm. and averaging 
50 gm. These rats were representatives of the same litters 
from which the experimental rats were selected. Their aver- 
age intestinal fill was 5.55 per cent and their average calcium 
content on the empty weight basis was 0.801 per cent. The 
coefficient of variation of the eighteen analyses was 7.5 per 
cent. No sex difference in body calcium was evident. 

The calcium content of the rats at the end of the prelimi- 
nary feeding period may be estimated for each group of rats 
reared on the same ration from the average analyses of the 
rats killed at that time. For the latter rats themselves, the 
analyses actually obtained were used. The estimated differ- 
ence between final and initial calcium contents represents the 
calcium stores in the body, the amount of which may be com- 
pared with the calcium intake. The averages of such estima- 
tions and observations for the three ration comparisons will 
be found in table 3. 

The ration containing 0.18 per cent of calcium induced a 
storage of this element averaging only 62 per cent of that 
effected by the ration containing 1.25 per cent of calcium. 
The rations containing 0.32 and 0.49 per cent of calcium per- 
mitted retentions of 76 and 87 per cent, respectively, of those 
brought about by the ration containing 1.25 per cent of 
calcium. However, the calcium intake on the lowest level of 
calcium was completely utilized in growth, while those of the 
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higher levels were utilized to the extent of 76, 55 and 25 per 
cent, in order. The complete utilization of the calcium on the 
lowest calcium ration, as well as the constant utilization with 
variable rates of growth on the highest calcium ration, aver- 
aging 2.38, 2.83 and 5.08 gm. per day in the three compari- 
sons, confirm the results of Ellis and Mitchell (’33) and testify 
to the reality of their theory that ‘‘in the growing rat, and 
possibly in all growing animals, there is no integral require- 
ment of calcium for maintenance.’’ 

The preliminary feeding evidently induced different degrees 
of saturation of the calcium stores, standing in relation to 


TABLE 3 
Summary of results of preliminary feeding period 


| LENGTH OF AVERAGE | | AVERAGE CA RETENTION 





i | wUMBER| FEEDING GAIN IN — | AERTS! suet 
DIET | OF RATS | PERIOD IN neo INTAKE | CALCIUM oy illi- | 
| DAYS WEIGHT poten jin per cent 
gm. | gm. mg. 
am + & 28 64 | 175 336 | 356 | 106 
1,25 11 28 67 | 175 2336 578 25 
| | 
032 | 11 28 | 78 | i192 | 610 | 465 | 76 
1.25 11 28 79 192 | 2559 615 24 
| 
0.49 12 14 78 | 153 | 746 | 412 55 
1.25 12 14 77 1533 | 1916 | 476 | 2% 


one another as 62, 76, 87 and 100. The purpose of the main 
feeding period was to observe whether these differences in 
calcium saturation would induce differences in calcium reten- 
tion when all rats were placed upon the ration containing the 
highest percentage of calcium, i.e., 1.25. The growth data of 
this period of uniform feeding are summarized in table 4. 

No significant differences in growth were observed between 
pair mates except in the first comparison, in which the pre- 
liminary rations contained 0.18 and 1.25 per cent of calcium. 
In this comparison, in seven of the eight pairs the rat pre- 
fed on the higher calcium level grew the faster, when measured 
both by body weight gain and by final body length, measured 
from tip of nose to root of tail. The average increment in 
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gain was 9.62 gm., and in body length, 4.75 mm.; the standard 
deviations of differences in gain between pair mates was 8.02 
gm., and in body length, 4.76 mm. The probabilities of a 
fortuitous outcome are so small, 0.0078 and 0.017, that they 
may be neglected. It may be concluded, therefore, that sub- 
sistence upon a ration containing as low as 0.18 per cent of 
calcium definitely impairs growth, not only simultaneous with 
its consumption, but also in a subsequent period of adequate 
calcium nutrition. No evidence of this sort was obtained for 
levels of 0.32 and 0.49 per cent of calcium. 

The calcium contents of the carcasses of the rats, with esti- 
mates of calcium storage involving estimates of initial calcium 
content based upon the analysis of rats on the same prelimi- 
nary rations made at the end of the preliminary feeding 
period (table 1), are presented in table 5. The calcium con- 
tents of the various pair mates with different preliminary 
treatment are not to be distinguished from one another 
statistically in any of the three comparisons. Evidently the 
inequalities in initial calcium content induced by different 
levels of calcium feeding were removed during this period of 
uniform feeding. In agreement with this finding, the esti- 
mated calcium retentions average higher for the rats reared 
on the lower calcium diets in all comparisons, the average 
percentage increments being 19.7, 3.1 and 13.0, respectively; 
in milligrams, these increments average 137, 24 and 99, re- 
spectively. The standaid deviations of differences in calcium 
storage between pair mates were 110, 124 and 164 mg. in the 
three comparison groups, while the probabilities of a chance 
outcome are 0.0066, 0.31 and 0.078, respectively. Only the 
first of these probabilities is small enough to neglect, so that 
only in the first comparison of rats pre-fed on 0.18 and 1.25 
per cent levels of calcium may it be said with certainty that 
an initial lower saturation of the calcium stores promotes a 
more rapid storage of calcium in a subsequent period of uni- 
form feeding. However, the inconclusiveness of the data in 
the other comparisons may have been the result of the in- 
accuracy in the method of estimation of the initial calcium 
contents of the rats, for reasons that will be developed later. 
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Fortunately, other data on the calcium retentions of the 
rats are available from the calcium metabolism experiments 
undertaken with four pairs of rats in each of the three com- 
parisons. These data are summarized in table 6. In all of 


TABLE 6 
Calcium metabolism data for experimental period 





CALCIUM CONTENT saniitesiibia CALCIUM caterum | CALoIUM 





RAT HO. or — PERIOD | INTAKE EXCRETED | BALANCE 
per cent a ~~ aS | mg. a mg. ; 
3 0.18 16 | 2878 2102 776 
4 1.25 16 2878 2313 565 





7 0.18 18 | 2942 2160 782 
1 18 
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the twelve pairs of rats but one, the rat pre-fed upon the 
lower level of calcium retained the greater amount of calcium 
in the period of uniform feeding, the excess storage averag- 
ing 120, 123 and 96 mg., respectively, for the three compari- 
son groups. The standard deviations of differences between 
pair mates are, in order, 75, 114 and 43 mg., and the proba- 
bilities of a fortuitous outcome, 0.035, 0.079 and 0.015. The 
second probability is still too large to neglect, but the whole 
picture is a clear demonstration of the fact that differences 
in the degree of saturation of the calcium stores will produce 
inequalities in calcium retention in a period of uniform high- 
calcium feeding, such that the lower the initial saturation, 
the more rapid the subsequent rate of retention. Throwing 
all of the pairs together into one statistical analysis, since the 
average pair differences are not statistically distinct, gives 
a mean difference of 113 mg., a standard deviation of 84 mg., 
and a probability (Student, ’25) of a chance outcome of only 
0.0005. 

The estimations of phosphorus retentions based upon car- 
cass analyses are irregular and offer no evidence that the 
previous condition of calcium (and probably phosphorus) 
saturation has modified the subsequent rate of phosphorus 
storage. However, the phosphorus balance data from the four 
pairs of rats in each comparison studied in this manner, sug- 
gest, in conformance with the calcium data of table 6, that 
the rate of phosphorus retention has been modified by the 
nature of the preliminary feeding. The average increments 
in phosphorus retention of the rats pre-fed on the high- 
phosphorus ration over their pair mates pre-fed on the low- 
phosphorus ration are, for the three comparisons, 51, 129 and 
102 mg., respectively. However, none of these averages is 
statistically significant, the probability that chance alone could 
account for them being, respectively, 0.18, 0.09 and 0.10. The 
average ratio of retained calcium to retained phosphorus was 
2.12 to 1, with no clear effect of the type of pre-feeding. 

The calcium and phosphorus contents of the forty-eight rats 
surviving to the end of the experiment were not appreciably 
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affected by the different methods of pre-feeding. Hence a 
number of correlation studies were undertaken to throw light 
upon the factors modifying the content of the body in calcium 
and phosphorus. The product-moment correlation method of 
Pearson was used throughout. The correlation coefficients 
were calculated from the unclassified original data. 

We were at first disturbed by the fact that the percentages 
of calcium in these rats were much lower than those reported 
by Sherman and Booher (’31) for rats of the same body 
weight on high calcium levels, the latter ranging from 1 per 
cent, or only slightly less, to 1.2 per cent. Our values aver- 
aged 0.785 per cent, and ranged from 0.55 to 1.03. However, 
our experimental rats grew at a very rapid rate, averaging 
4.3 gm. daily and attaining values up to 6.7 gm. daily in indi- 
vidual rats. This was a much more rapid growth than that of 
the rats of Sherman and Booher, a fact that suggested a 
study of the relationship between rate of growth, as measured 
by average daily gain in body weight, and the calcium content 
of the body. Figure 1 illustrates this relationship for the 
forty-eight rats of the three comparisons in this experiment. 
The relationship is evidently a close one, the correlation 
coefficient being — 0.929 + 0.013, the sign meaning that the 
more rapid the growth, the lower the calcium content of the 
body. The rate of gain in weight was largely determined by 
the daily intake of food, the correlation coefficient for these 
two variables being + 0.910 + 0.017. 

There are two possible explanations of the inverse rela- 
tionship between rate of growth and the calcium content of the 
body: First, that there is an inverse relationship between 
the rate of growth and the rate of calcification of the skeleton, 
and, second, that there is an inverse relationship between the 
rate of growth and the percentage of skeletal tissue in the 
body. In favor of the first explanation, Outhouse and Mendel 
(’33) have shown clearly that more rapid growth for rats of 
the same weight is associated with bones containing more 
water and less mineral matter. To test the second explana- 
tion the calcium contents of the carcasses of the forty-eight 
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rats were correlated with the ratios of calcium to phosphorus 
in the carcasses, which averaged 1.37 to 1. The correlation 
coefficient in this case is + 0.584 + 0.064. Since this correla- 
tion is significantly positive, we may conclude that as the rate 
of growth increases, in response to an increasing consumption 
of food, the proportion of soft tissues in the body increases; 
conversely, a retardation of growth affects the soft tissues 
of the body more than the skeletal tissues. This conclusion 


oData From Experiment 1 
Data from Experiment 2 
xData from Experiment 3 


Calcium content of carcass 


Regression Equation: y+ 1.102 -0.0731x 
in which y= percent Ca in carcass 


x* average daily gain in gms. 





© 
Average daily gain in body weight 


Fig.1 Relation between the calcium contents of the bodies of the experimental 
rats and their average rates of growth for the previous several weeks. 


is in agreement with the frequently demonstrated fact that 
skeletal growth is less easily retarded than the growth of 
the soft tissues; it is also less readily accelerated. 

The calcium to phophorus ratios in the carcasses of the ex- 
perimental rats ranged from 0.95 to 1 for a rat that gained an 
average of 6.7 gm. daily to 1.65 to 1 for a rat that gained only 
half as fast, the average ratio being 1.37 to 1. Assuming that 
99 per cent of the body calcium is located in the skeleton 
(Bessey, King, Quinn and Sherman, ’35) and that the ratio 
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of calcium to phosphorus in the skeleton is 1.94 to 1, it may be 
estimated that from 48 to 84 per cent of the body phosphorus, 
with an average of 70 per cent, was located in the bones in 
these experimental rats. This wide range in the proportion 
of skeletal phosphorus is indicative of the marked influence 
of the amount of food consumed on the ratio of soft tissues to 
bones in the body and necessarily on the proportions existing 
among the nutrients retained during growth. 

The frequently noted greater calcium content of the bodies 
of female than of male rats of like age, or similar differ- 
ence with respect to calcification of the bones (Hammett, 
25), appears to be entirely the result of the slower growth 
of the female. When the correlation between calcium content 
of carcass and rate of growth is considered, no sex differences 
appear. If the regression equation given in figure 1 is used 
to estimate the calcium content of each of the forty-eight 
experimental rats from its average daily gain in body weight, 
the algebraic mean of the deviations of the estimates from the 
observed values is + 0.0024 per cent for the thirty-four male 
rats, and — 0.0050 for the fourteen female rats. The average 
errors of estimate, disregarding signs, are 0.038 for the males 
and 0.032 for the females. No significant difference appears 
to exist between the accuracies of estimation for the two sexes. 
If the sex difference commonly accepted actually existed, one 
might expect, not only a significant and considerable tendency 
to under-estimate the calcium content of female rats by the 
use of a regression equation based on male and female data, 
but also a greater mean error of estimate (disregarding 
signs) for the female rats, because the regression equation is 
derived from the data obtained from a group of rats consist- 
ing of thirty-four males and only fourteen females. 
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DISCUSSION 


The bearing of these experimental findings on calcium 
metabolism studies, particularly those concerned with the de- 
termination of the calcium requirements of growing animals, 
seems clear. Since the extent to which the skeleton is satu- 
rated with respect to calcium is a determinant in the rate of 
calcium retention on a diet adequate in its content of this 
element (and presumably on any diet), calcium retentions 
observed under conditions of adequate nutrition are not 
measures of calcium requirements unless, through proper pre- 
liminary treatment, the experimental subjects have been satu- 
rated with respect to their calcium stores. Otherwise, the 
calcium retentions observed will exceed the actual require- 
ments by the amount used to replete these stores, the condi- 
tion of which is an expréssion simply of previous inadequate 
nutrition. Furthermore, in the evaluation of experiments in 
which this precaution has not been taken, more significance 
ean reasonably be attached to the lower rates of calcium re- 
tention than to the higher as measures of day to day require- 
ments. 

In the above discussion complete saturation of the calcium 
stores is assumed to be the ideal initial condition of experi- 
mental subjects, and the maintenance of this condition during 
growth the measure of adequate calcium nutrition. However, 
wholly adequate calcium nutrition may be compatible with a 
condition of the skeleton short of complete calcium saturation. 
Hence, a significant problem in calcium metabolism is the de- 
termination of the lowest degree of calcium saturation com- 
patible with maximum physiological efficiency. Conceivably 
this degree of saturation will be affected by the prevailing 
physiological condition and hence would vary with animals 
of different age, sex, etc. 

Since the calcium content of the body and of the bones is 
markedly affected by the amount of food consumed as well as 
by its content of calcium, the control of food intake in calcium 
metabolism studies is essential to the most significant results. 
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CONCLUSIONS 


1. The calcium content of growing rats is dependent upon 
at least two factors: a) the calcium content of the diet if the 
diet contains a percentage of calcium inadequate for maximum 
storage, and b) the rate of growth, dependent in turn largely 
upon the rate of food consumption. The former relation is 
a direct one, the latter is inverse, rapid gains being associated 
with low calcium contents. 

2. The inverse relation between rate of growth and calcium 
content of body is the result of two tendencies: a) the 
tendency for rapid growth to be associated with slow calcifi- 
cation of the bones, and b) the tendency for rapid growth 
to be associated with high ratios of soft tissue to skeletal 
tissue. The growth of skeletal tissue is much more difficult 
to modify by feeding, either in the direction of retardation or 
of acceleration, than is the growth of the soft tissues. 

3. The commonly accepted belief that females, as compared 
with males of the same age, exhibit greater percentages of 
calcium in their bodies and in their bones seems to be entirely 
referable to their slower growth. 

4. Very low levels of calcium in the diet may definitely 
retard growth aside from their effect upon appetite, not only 
during the consumption of such diets, but also in a subsequent 
period of adequate calcium nutrition. 

5. There appears to be no requirement of calcium for main- 
tenance in the growing animal. 

6. Differences in the degree of saturation of the skeletal 
tissues with respect to calcium, brought about by previous 
subsistence upon diets differing in their contents of this ele- 
ment, produce inequalities in the retention of calcium under 
uniform conditions of calcium nutrition, such that low satura- 
tion is associated with subsequent high retention of calcium. 

7. It follows that the rate of calcium retention by growing 
animals under conditions of adequate nutrition measures the 
requirement of calcium only when the calcium stores have 
been saturated by appropriate pre-feeding. Otherwise the 
observed calcium retentions will be greater than the day to 
day requirements of calcium. 
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8. Since the calcium content of growing rats (and presuma- 
bly of other animals) and the extent of calcification of their 
bones, is dependent upon the amount of food consumed, as 
well as upon its mineral content, the control of the food intake 
of experimental animals in calcium nutrition studies is es- 
sential to the greatest accuracy of all comparisons made and 
to the greatest significance of the conclusions deduced. 


The authors acknowledge with pleasure the valuable as- 
sistance of Mr. L. A. Wright, particularly in the analytical 
work of this investigation. 
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I. CAUSATION AND PREVENTION OF NUTRITIONAL MUSCULAR 
DYSTROPHY 

The experiments of Goettsch, Pappenheimer and their col- 
laborators (Goettsch and Brown, ’32; Goettsch and Pappen- 
heimer, ’31; Pappenheimer and Goettsch, ’31, ’34a, ’34b; 
Rogers, Pappenheimer and Goettsch, ’31; Victor, ’34) showed, 
for the first time, that muscular dystrophy could be produced 
in laboratory animals (guinea pig, rabbit and duckling) by 
nutritional means. The similarity between the histological 
and clinical pictures obtained with these animals and those 
found in cases of progressive muscular dystrophy suggested 
that the experimental condition in animals might be closely 
related to the clinical condition found in man. In view of 
this possible relationship it was deemed worthwhile to investi- 
gate more closely rabbits affected with nutritional muscular 
dystrophy, and a series of experiments were planned with this 
in mind. 

The control diet 

Our control animals were maintained on a standard diet? 
which furnished an adequate supply of vitamins A, B, E and 
G, and a small amount of D. The rabbits on this diet in- 
variably made a steady gain in weight until maturity was 

*The data presented in this paper are taken from the dissertation submitted 
by Howard C. Spencer to the Graduate College of the University of Nebraska, 
January, 1936, in partial fulfillment of the requirements for the degree of doctor 
of philosophy. 

* Rabbit chow obtained from the Ralston Purina Company. 
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reached, appeared to be in excellent physical condition, and 
served as controls for the animals on the experimental diets. 


Experiments with original dystrophy producing diet 13 


At the outset of our experiments it was deemed advisable 
to produce dystrophy in rabbits by means of the diet used 
originally by Goettsch and Pappenheimer (’31), their diet 13, 
to establish definite criteria by which the manifestations of 
dystrophy could be recognized in the experimental animals. 
Furthermore, since this diet was to be used as the basic ration 
in the study of the factors involved in the production of 
dystrophy, it was of paramount importance to have a record 
of the behavior of rabbits on diet 13. 

This diet was made by mixing 355 parts rolled oats,’ 180 
parts wheat bran,‘ 75 parts casein, 80 parts lard, 10 parts cod 
liver oil, 10 parts NaCl, and 15 parts CaCO3. To one such 
batch a mixture of 50 ec. 20 per cent FeCl, and 100 cc. ether 
was added in a closed vessel and allowed to stand, with fre- 
quent shaking, for about + hour. The food was then spread 
out in shallow trays and left over night to allow the ether 
to evaporate. To this was now added 275 parts of skim milk 
powder and mixed thoroughly in a mechanical mixer. The 
food was prepared fresh at least once a week. Since rabbits 
are resistant to scurvy, orange juice was not administered. 

A number of animals were maintained on this diet 13 and 
all became dystrophic. The average time required by the 
rabbits (about a month old and weighing about 500 gm.) to 
attain maximum weight was 26 days, while the average 
number of days on diet 13 before death or at any rate before 
a moribund condition developed was 34 days (28 to 43 days). 
This corresponds fairly well with the range of 14 to 50 days, 
which Goettsch and Pappenheimer (’31) found necessary to 
produce definite dystrophy on this diet. Furthermore, their 
description of the appearance and behavior of the dystrophic 
rabbits agrees well with our own observations. Histological 


* Quaker brand. 
* Pillsbury. 
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examination of the dystrophic muscles revealed essentially 
the conditions described by Goettsch and Pappenheimer (’31). 
The clinical observation of the rabbit and, whenever possible, 
histological examination of the muscle were the means used 
to ascertain the extent of dystrophy. When the progress of 
the disease or of the recovery was followed histologically, 
biopsy material was removed aseptically from the gluteus 
maximus under novocaine anesthesia. 


Experiments on the influence of ferric chloride 


Since the most essential feature in the preparation of diet 
13 is the treatment with the ethereal FeCls, it seemed de- 
sirable to investigate the effect of this factor upon the 
dystrophy producing property of the food. For this purpose 
experiments were made with three different diets: 

a. Diet 11 (untreated diet 13). 
b. Diet 207 (diet 13 treated with aqueous FeC),). 
e. Diet 201 (control diet treated with ethereal-FeCl,). 

a. Diet 11 is prepared exactly like the diet 13 with the 
omission of the treatment with ethereal ferric chloride and, 
therefore, feeding this diet should give some indication of 
the role of ferric chloride in the production of dystrophy. 
Furthermore, since the ethereal-ferric chloride treatment was 
originally designed to destroy vitamin E (Waddell and Steen- 
bock, ’28), its omission makes diet 11 a fairly good source 
of this vitamin, and feeding experiments with it should throw 
light on the effectiveness of vitamin E in preventing 
dystrophy. 

Goettsch and Pappenheimer (’31) report that rabbits react 
to this diet 11 exactly as they do to diet 13. Victor (’34), 
in a later publication, cites cases of rabbits becoming dys- 
trophic on diet 11 as early as the twenty-third day and as 
late as the three hundred and thirty-first day. In our ex- 
periments, three rabbits maintained on this diet showed no 
signs of dystrophy at the end of a period of 69 to 83 days, 
which does not bear out the conclusion of Goettsch and Pap- 
penheimer that both diet 11 and diet 13 are equally dystrophic 
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in their effect. Owing to lack of time, these three rabbits 
were shifted to diet 13, and in every case dystrophic mani- 
festations, confirmed by histological examination, set in very 
soon afterward. These results indicate that diet 11 at least 
induces a latent dystrophic condition or in some way prepares 
the organism for the rapid break down which comes with the 
change to diet 13. 

A fourth rabbit was maintained on diet 11 for 210 days 
without showing the slightest signs of the disease. A biopsy 
performed on a fifth rabbit after 121 days on diet 11 (weight 
2840 gm.) showed that the muscles were entirely normal, but 
a second biopsy taken at the end of 212 days showed definite 
lesions in the muscles. In all probability the dystrophic 
condition developed about the one hundred and forty-seventh 
day, when there was a break in the body weight. However, 
since this animal lived 210 days on diet 11, it must have been 
suffering from a very mild or chronic form of dystrophy. 

In contrast to this, a sixth rabbit became definitely dys- 
trophic in 42 days on diet 11, and its condition was corro- 
borated histologically. 

In general, our results agree with those of Victor (’34), 
showing great variability in the time of onset, in the severity 
and the progress of the disease in animals maintained on 
diet 11. But in spite of these wide variations it can be stated 
that neither the presence of the ferric chloride itself in diet 13 
nor the absence of vitamin E from this diet can be regarded 
as the principal factor in the production of nutritional muscle 
dystrophy. 

b. Waddell and Steenbock (’28) have shown that ethereal- 
ferric chloride treatment destroys vitamin E in synthetic 
diets, while an aqueous solution of FeCl, fails to do so. For 
this reason we decided to compare the effect of the regular 
diet 13 with that of a diet treated with aqueous-ferric chloride. 
Our diet 207 is therefore like diet 13 except for the fact 
that it had been treated with aqueous-ferric chloride. The 
use of a water solution, of course, necessitates a longer time 
for evaporation. The diet tends to sour more quickly than 
diet 13 and was made up fresh at more frequent intervals. 
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The animals on this diet 207 behaved exactly like those on 
diet 13. Apparently the water solution of FeCls is as ef- 
fective as the ether solution in rendering the diet dystrophy 
producing. This bears out our conclusion from the experi- 
ments with diet 11 that the destruction of vitamin E cannot be 
the principal factor in diet 13 for its dystrophy producing 
action. 

c. We studied the influence of the ethereal-ferric chloride 
treatment further by treating the control diet in the same 
manner as we treated diet 13. This diet 201 contained the 
same quantity of FeCls as the original diet 13, and since the 
treatment destroyed the vitamin E and much of the vitamin 
A content of this food, it seemed that feeding it to rabbits 
would help to ascertain the effect of the FeCl, per se as well 
as that of a diminished vitamin E (and vitamin A) supply. 
We fed this diet 201 also supplemented with potent sources of 
vitamin E or vitamin A, as weil as of a combination of these 
vitamins. 

Wheat germ oil was used as a source of vitamin E, and 
throughout this report E will be used to designate wheat 
germ oil. This was a cold pressed oil, 2 cc. of which were 
equivalent to 100 gm. of wheat germ. The animals receiving 
vitamin E were given 10 to 12 drops of this oil daily by 
pipette. This level of wheat germ oil is somewhat higher than 
that used by Goettsch and Pappenheimer (’31). 

An oil solution of carotene was used as a source of vitamin 
A, and this had a biological potency of not less than 7500 new 
U. S. P. units of vitamin A per gram. Five drops of this 
solution were administered daily to the rabbits receiving the 
vitamin A supplement. In this report A will always refer to 
this preparation. The vitamin preparations were kept in 
well-stoppered bottles in the ice box. 

Six animals were maintained on this diet 201 for at least 
200 days and none of them showed any dystrophic manifesta- 
tions. Some of the rabbits (two) did not grow so well as those 
fed the untreated control diet, but the poorer growth may 
have been due to respiratory infections from which these 
animals suffered. 
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The results with diet 201 indicate that the presence of FeCl, 
by itself does not render a diet unsuitable for rabbits. 
Furthermore, the ethereal-ferric chloride treatment appar- 
ently does not destroy the principal factors which prevent the 
onset of dystrophy. 

From the experiments on feeding diets 11, 207 and 201 we 
may conclude that: 1) Nutritional muscle dystrophy is not 
caused by the ferric chloride present in the diet. 2) The 
destruction of vitamin E is not the principal cause in making 
the diet dystrophy producing. 


Substitution of a vegetable oil in diet 13 


Nutritional encephalomalacia is produced in the chick by a 
synthetic diet similar to diet 11. Pappenheimer and Goettsch 
(°34b) found that the substitution of certain vegetable oils 
for the lard in the original diet provides adequate protection 
against this disorder. We thought it advisable to test the 
effect of modifying diet 13 by the substitution of a vegetable 
oil® for the lard, but our rabbits became dystrophic on this 
modified food as quickly, if not more quickly, than on diet 13. 


Diet 13 supplemented with dry alfalfa and alfalfa extracts 
(diets 220 to 252) 


Simultaneously with the feeding experiments described 
above we carried out curative experiments. One of the first 
definite cures was effected by feeding fresh green alfalfa to- 
gether with diet 13. The work with curative diets will be the 
subject of the next section, but we shall discuss here some of 
the experiments with alfalfa because they focused our at- 
tention upon this as a possible source of the factors active 
in preventing dystrophy. We investigated the effectiveness of 
dry alfalfa and of extracts prepared from both fresh and dry 
alfalfa in preventing nutritional muscle dystrophy. For the 
extracts, we used a kilogram of finely ground fresh, green 
alfalfa or dry alfalfa. This ground material was pressed, 
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extracted with water by percolation, again pressed and re- 
extracted. The total aqueous extract was made up so that 
3 liters were equivalent to 1 kg. of the original alfalfa. The 
extracts were preserved in the ice box. 

The residue after the two extractions with water and with 
alcohol was dried and kept in a closed container. 

The extracts of alfalfa did not afford any protection 
against the development of muscle dystrophy in rabbits fed 
on diet 13. Since the dry alfalfa itself is not protective, the 
extracts of dry alfalfa would not be expected to exert any 
influence either. But the fresh, green alfalfa is definitely a 
protective agent, and it might be expected that one or the 
other of the extracts, or their combination, would also prove 
protective. Our method of extraction did not exclude ferment 
action, and it is not impossible that the necessary factors 
might have been destroyed during the extraction. The effect 
of the ferric chloride treatment and the fact that dry, well- 
cured alfalfa is lacking in protective action suggest that the 
protective factor or factors are probably easily destroyed. 

On diet 220, which is diet 13 supplemented with dry alfalfa, 
all the rabbits became dystrophic, though the onset of the 
disease was slower than on diet 13 alone. The earliest onset 
was after 55 days on this diet and some were still normal 
even after 100 days. 

We are led to conclude that the factor or factors present in 
green alfalfa, which can prevent the onset of dystrophy, is 
destroyed by the curing process as well as by the extraction 
methods employed by us, and that it is an unstable substance. 


Experiments with diet 13 and lettuce 


In our attempt to determine the effectiveness of green 
foodstuffs in preventing dystrophy we performed experi- 
ments feeding diet 13 together with fresh, green lettuce. The 
lettuce was selected for this purpose because it could be 
procured fresh daily and because it has a high vitamin E 
content. We were careful to select only the fresh, green 
leaves for feeding, a total of 50 gm. per day being fed to the 
rabbits in two portions during the day. 
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All the rabbits maintained on diet 13 supplemented daily 
with 50 gm. of lettuce became dystrophic, the time of onset 
of the disease varying from 30 to 100 days, or 53 days on the 
average. The feeding of lettuce has thus prolonged the period 
during which a rabbit could be maintained on diet 13 but did 
not prevent the development of dystrophy. In this respect, 
therefore, the fresh, green lettuce differed decidedly from 
fresh, green alfalfa. 


Experiments with diet 13 and vitamin supplements 


The curative effect of green alfalfa and the instability of 
the active factor has made the further study of vitamin sup- 
plements desirable. Although diet 13 is deficient in vitamin 
E, the experiments previously described indicate that avita- 
minosis E is not the principal factor in the production of 
dystrophy. The following diets were devised to study this 
problem further: 

a. Diet 204 (diet 13 supplemented with whole wheat germ). 

b. Diet 213 (diet 13 supplemented with whole wheat germ treated with ethereal 
ferric chloride). 

e. Diet 214 (diet 13 supplemented with wheat germ oil). 

d. Diet 215 (diet 13 supplemented by carotene, or by a combination of carotene 
and wheat germ oil). 


e. Diet 216 (diet 13 supplemented by a combination of wheat germ oil and 
lettuce, or by a combination of wheat germ oil and dry alfalfa). 


a. Diet 204. Whole wheat germ being one of the most potent 
sources of vitamin E, a diet was made up by mixing 100 gm. 
of diet 13 with 20 gm. of fresh wheat germ. Rabbits fed this 
diet were completely protected from dystrophy. However, 
this does not necessarily mean that vitamin E is the protective 
agent as some other constituent of the germ may be responsi- 
ble for the prevention of the dystrophy. Previous experi- 
ments have shown that, at least, vitamin E alone is not the 
preventive factor. The recovery experiments, reported in the 
next section, must be considered in this connection, since they 
furnish further evidence of both the preventive and curative 
action of wheat germ. 
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In an effort to determine the nature of the effective agents 
present in wheat germ we performed two sets of experiments. 
One was concerned with the effect of ethereal-ferric chloride 
treatment of whole wheat germ, while the other dealt with the 
effectiveness of wheat germ oil in preventing dystrophy. 

b. Diet 213. This diet was like diet 204 except that the 
whole wheat germ used to supplement the diet 13 had been 
treated with ethereal-ferric chloride. The results obtained 
with this diet show that the rabbits were probably maintained 
for a longer time before becoming dystrophic than on the 
straight diet 13, although eventually they all became dys- 
trophic. Obviously, the treatment with ethereal-ferric chloride 
has destroyed or rendered ineffective the protective factor 
in the wheat germ. 

c. Diet 214. Since the vitamin E of wheat germ is found 
in the wheat germ oil, feeding diet 13 supplemented with this 
oil should throw light on the role of vitamin E in the pre- 
vention of dystrophy as well as help to determine the nature 
of the protective agent in the whole wheat germ. 

The results of these experiments show that the administra- 
tion of wheat germ oil does not affect the dystrophy pro- 
ducing action of diet 13, except that the onset of the disease 
is somewhat delayed. Three of the rabbits became definitely 
dystrophic in 35 to 41 days, one rabbit in 58 days, while 
another rabbit showed only mild symptoms even after 100 
days on this diet. The average time for the onset on diet 214 
was 55 days, which is somewhat longer than on diet 13 alone. 
These experiments with diet 13 supplemented with wheat 
germ oil corroborate the conclusion that the absence of vita- 
min E is not the principal factor in the production of muscle 
dystrophy. 

The results with diets 204, 213 and 214 lead, therefore, to 
the following conclusions: 1) Wheat germ contains a factor 
which prevents the development of muscle dystrophy in rab- 
bits. 2) This protective factor is destroyed by ethereal-ferric 
chloride treatment. 3) Cold pressed wheat germ oil does not 
contain the protective factor necessary to prevent dystrophy. 
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d. Diet 215. Inasmuch as wheat germ oil was found to be 
ineffective, while whole wheat germ itself was very effective 
in the prevention of dystrophy, it seemed reasonable to sup- 
pose that a combination of vitamin E with some other factor 
acts as the protective agent. The work of Aberle (’34) sug- 
gests that avitaminosis A may play a part, and we, therefore, 
arranged a series of experiments with diet 13 supplemented 
by carotene or by a combination of carotene and wheat germ 
oil. Since all the rabbits on this modified diet became dys- 
trophic, it is obvious that neither carotene alone nor a com- 
bination of carotene with wheat germ oil furnish protection 
against dystrophy. Experiments in which the diet 13 was 
supplemented with the vitamin B complex (fresh brewers’ 
yeast) have likewise failed to offer any protection against the 
development of dystrophy. 

The results obtained on diet 13 with various vitamin sup- 
plements lead to the conclusion that the dystrophic condition 
in rabbits on this diet is not due to a deficiency of either 
vitamins A, B or E, or a combination of vitamins A and E. 

e. Diet 216. We have shown previously that wheat germ 
or fresh, green alfalfa furnish adequate protection against 
nutritional muscle dystrophy, but dry alfalfa, fresh green 
lettuce, carotene, wheat germ oil, yeast or a combination of 
carotene and wheat germ oil are entirely ineffective. In the 
ease of dry alfalfa, lettuce or wheat germ oil the onset of the 
disease was, however, somewhat delayed as compared with 
diet 13 unsupplemented by any of these products. These 
findings suggested that possibly a combination of the various 
supplements might prove effective and subsequent feeding ex- 
periments showed that either a combination of lettuce with 
wheat germ oil or of dry alfalfa with wheat germ oil is effec- 
tive in preventing the development of dystrophy in the rabbit. 
These experiments gain more significance when they are con- 
sidered in conjunction with the study of curative diets, dis- 
cussed in the next section, but they definitely point to the 
conclusion that there are at least two factors concerned in 
the prevention of dystrophy. Both factors are furnished by 
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whole wheat germ or by fresh, green alfalfa. On the other 
hand, one must be found in dry alfalfa or in fresh lettuce while 
the other is present in the wheat germ oil (cold pressed). 

The experiments on the causation and prevention of muscle 
dystrophy were conducted simultaneously with curative 
studies. The experiments with the curative diets corroborate 
the findings reported in this section. A general summary 
will, therefore, be given at the conclusion of the second 
section. 


II. THE CURE OF NUTRITIONAL MUSCULAR DYSTROPHY 


The recovery experiments to be reported here were all car- 
ried out according to the same general plan. Muscular 
dystrophy was developed in rabbits by one of the causative 
diets, and recovery was attempted by changing the animal to 
another diet. Whenever this was possible, the state of 
-dystrophy as well as the recovery from dystrophy was checked 
histologically, biopsies having been performed at suitable 
stages during the experiment. 

Although the results of the microscopic study of the muscles 
will be presented in a separate paper, it may be pointed out 
here that, whenever the dystrophic condition was cured by a 
change in the diet, not only have the outward manifestations 
characteristic of the behavior of the diseased rabbits disap- 
peared but the muscles themselves have undergone progres- 
sive regeneration with ultimate restoration of the normal 
histological structure. 


Experiments with control diet 


When the question was first posed whether or not the re- 
covery from dystrophy could be effected, it was decided to 
place diseased rabbits on an adequate food such as our con- 
trol diet. Since two dystrophic rabbits made a rapid and 
complete recovery on this diet, we were convinced that a dys- 
trophic rabbit could be cured of the disease when placed on a 
proper diet. Naturally, recovery can no longer be expected 
in animals in which the dystrophy has already progressed 
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so far that it is unable to eat. The preliminary trials with 
the control diet led us to secure recovery with the basic diet 13 
supplemented with the proper sources of the protective 
factors. 

Diet 13 and green alfalfa 


Supplementing diet 13 with 50 gm. of fresh, green alfalfa 
daily brought about definite recovery from muscular dystro- 
phy, as can be seen from the results recorded in table 1. 
























































TABLE 1 
Experiments with diet 13 and green alfalfa as a recovery diet 
l l 
bis ae” | "Sareom 
psites dl eas cee Mae ee i 
| | - |. #$] . | + £ 5 REMARKS 
| | of | EE 32/285 Peace 
eo | § E> oon) es | Soe getse a 
446 | 52 feast i os BRPIASP 5 
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13} — | 2310 | 2400 | 2150| 2| 5 | — | Dystrophic 
| 13 | Lettuce "2150 | 2360 | 2360 | 30 | 0 | — | Apparently entirely _ 
| and green | recovered 
| alfalfa 
328,13 | — | 400| 870| 840| 37 | 3 | I | Dystrophic (++)* 
(13 | Green | 840 | 980 } Jib Definitely improved but 
| alfalfa still dystrophic (+) 
'13 | Green | 980 hyped bye at et fh — Apparently entirely 
| alfalfa recovered 








* The degree of dystrophy is indicated by the number of plus signs and is based 
on the estimate of the degenerative process from a microscopic study of the 
affected muscles. 


Diet 13 and lettuce 


Encouraged by the recovery effected on diet 13 supple- 
mented with green alfalfa, it seemed advisable to test the 
effectiveness of other green foodstuffs. We selected for this 
purpose green lettuce but the results were disappointing and 
revealed that lettuce alone added to the dystrophic diet 13 
does not effect a cure from this condition. These results 
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substantiated the earlier findings that green lettuce, unlike the 
green alfalfa, does not contain the necessary factor to prevent 
the development of muscle dystrophy. 


Diet 13 with lettuce and wheat germ oil 


Since in the earlier work we found that a combination of 
lettuce and wheat germ oil was effective in preventing the 
onset of dystrophy, we studied this combination further by 
means of curative experiments. The results of these experi- 
ments are recorded in table 2. Rabbits 296 and 297 became 
dystrophic on diet 13 and lettuce, while rabbits 299 and 300 de- 
veloped dystrophy on diet 13 and wheat germ oil. However, all 
four animals made rapid recovery when wheat germ oil was 
added to the former, or lettuce was added to the latter. These 
results corroborate the previous findings and substantiate 
further our conclusion that two factors are necessary either 
for prevention or cure of muscle dystrophy in the rabbit, 
one factor being furnished by foods like lettuce and the other 
by wheat germ oil. 


Diet 13 and whole wheat germ 


To check the results previously described of preventing 
dystrophy on diet 13 supplemented with whole wheat germ, 
we performed a series of curative experiments with this sub- 
stance. The results reported in table 3 show that wheat germ 
is equally effective both as a preventive and as a curative 
food. Whole wheat germ, therefore, supplies all the neces- 
sary factors for preventing or for curing muscle dystrophy. 


Diet 13 with dry alfalfa and wheat germ oil 


As a corollary to the earlier experiments, we tried the ad- 
dition of wheat germ oil to diet 220 (diet 13 supplemented with 
dry alfalfa) as a curative measure. The results with this diet 
are summarized in table 4. Rabbit 255 became dystrophic 
on diet 220, but upon the administration of wheat germ oil 
it rapidly recovered from the disease. Rabbit 288 developed 
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TABLE 2 


Experiments with diet 13 supplemented with lettuce 
as a curative diet 


and wheat germ oil (E) 
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Experiments with diet 13 and whole wheat germ (diet 204) as a curative diet 
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Experiments with diet 13 and dry alfalfa (diet 220) and wheat germ oil (E) 
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dystrophy on diet 13 supplemented with carotene and wheat 
germ oil. At that stage it was placed on diet 220 with wheat 
germ oil and showed rapid improvement for 9 days. How- 
ever, this animal then began to lose weight and within 8 days 
it suddenly became paralyzed and died. Since this rabbit 
showed marked recovery for the first 9 days on this diet, the 
subsequent paralysis and death do not necessarily reflect upon 
the effectiveness as a curative diet of diet 220 and wheat germ 
oil. 

The results with rabbit 255 again clearly point to the need 
of two factors for the cure of dystrophy, one of which is 
supplied by dry alfalfa and the other by wheat germ oil. 


SUMMARY AND CONCLUSION 


1. Muscle dystrophy in the rabbit could not be prevented by 
the addition of the following supplements, singly, to diet 13: 
Dry alfalfa, a vegetable oil, lettuce, vitamin A (carotene in 
oil), vitamin E (cold pressed wheat germ oil), or vitamin B 
(yeast). 

2. Neither the omission of the ethereal-ferric chloride treat- 
ment nor the substitution of aqueous-ferric chloride treatment 
of the basic diet entirely abolished its dystrophy producing 
effects. 

3. Prevention of muscle dystrophy as well as cure of the 
dystrophy already developed was effected by feeding the fol- 
lowing supplements along with the dystrophic diet 13: Fresh 
green alfalfa, lettuce and vitamin E (wheat germ oil), dry 
alfalfa and vitamin E (wheat germ oil) or whole wheat germ. 

The experimental results lead to the conclusion that there 
must be at least two factors involved in the prevention or in 
the cure of muscle dystrophy. Both factors are present in 
fresh green alfalfa or in whole wheat germ. On the other 
hand, one of these factors is supplied by wheat germ oil 
(cold pressed), while the other is present in lettuce or in dry 
alfalfa. At least one of the factors is easily destroyed by 
ethereal-ferric chloride, by drying or by extraction with water 
or alcohol. 
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NOTE ON THE OCCURRENCE OF PARALYSIS 


Occasionally in the course of an experiment an amyotonic 
condition suddenly developed in our animals which resembled 
flaccid paralysis. This condition was characterized by sudden 
onset, very rapid progress and usually fatal termination. 

This peculiar paralytic condition developed in some of our 
rabbits on diet 13 alone, on diet 13 with wheat germ oil, diet 13 
with carotene and wheat germ oil, diet 13 with lettuce and 
wheat germ oil, and on diet 13 with dry alfalfa and wheat 
germ oil. 

In rabbits 285, 286, 290 and 304, which were on a dystrophy 
producing diet, the paralysis apparently developed inde- 
pendently of the dystrophy. Microscopic examination of the 
muscles showed advanced lesions in rabbits 285 and 286, while 
in rabbits 290 and 304 only the earliest signs of dystrophy 
were present, but the paralysis in all four animals was marked 
and severe. Thus, the severity of the muscle dystrophy and 
that of the paralysis did not run parallel. The paralysis, 
furthermore, resembled in no way the dystrophic condition 
outwardly, and the affected animals assumed a sprawling 
position with their limbs flaccid and extending sidewise. 

In some animals (rabbits 296 and 302) the paralysis ap- 
peared while they were recovering from a previous attack 
of dystrophy. These animals had developed definite dystro- 
phy and were shifted to a curative diet, on which they already 
were making marked improvement. The microscopic ex- 
amination of their muscles actually revealed regenerative 
recovery when they were suddenly stricken by the paralysis. 

Rabbit 297 on diet 13 supplemented with lettuce became 
dystrophic and paralyzed at the same time. This animal was 
still able to feed and recovered ultimately when wheat germ 
oil was added to the above diet. Three biopsies were per- 
formed on this animal during its recovery, which fully cor- 
roborated the findings from observation of the animal’s 
behavior. 
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Ringsted (’35) described paresis appearing in rats suffer- 
ing from chronic avitaminosis E which is quite similar to the 
neuropathic disturbance noted in vitamin A deficient rats by 
Aberle (’34). The paresis studied by Ringsted developed in 
adults, was of the relaxed type and was accompanied by dis- 
turbances of deep-seated sensibility much more than of the 
cutaneous sensibility of the legs and tail. Aberle did not 
observe changes in sensibility or atrophy of the skin and fur, 
as was the case in Ringsted’s animals. 

The variety of diets upon which paralysis developed in our 
rabbits makes it very difficult to assign its causation to any 
particular factor. The one thing common in all our cases 
is the use of diet 13; however, only a small proportion of the 
rabbits on this diet or variations of this diet have actually 
become paralyzed. 

Our findings seem to point out that whatever may have been 
responsible for paralysis bears no direct relation to the causa- 
tion of muscle dystrophy. The paralytic condition occurred 
sporadically in animals either affected by dystrophy or while 
they were recovering from the dystrophy, and is in all proba- 
bility an entirely unrelated disorder. 

The fact that paralysis occurred only among the rabbits 
from three litters, which were obtained from the same rab- 
bitry, suggests the possibility that we are dealing with an 
hereditary disability. The extreme suddenness of the onset 
of the paralysis and the rapidity with which it usually termi- 
nated in death made it impossible to study the paralyzed 
animals systematically. 
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Summary of Feeding experiments 


Causative diets Preventive diets Curative diets 
4 ouast x, Rabbit chow Rabbit chow 
Yo \ Diet 13 + wheat germ Diet 13 + wheat germ 
Rapid Slow P P 
: ‘ Diet 13 + lettuce + E Diet 13 + green 
Diet 13 Diet 11 . alfalfa 
Diet 13 treated (untreated diet 13) Diet 13 + lettuce + E 


+A Diet 13 + lettuce + E 


with aqueous- Diet 13 + wheat ; ‘ 
h Diet 13 + dry alfalfa Diet 13 + dry alfalfa 


ferric chloride germ treated wit 


Diet 13 with ethereal-ferric +E +E 
mazola instead Chloride seer aw 
} er -rerric 
Bo csenig + ey a = : 4a Chloride (aiet 201) 
alfalfa Diet 13 + lettuce DMCA +E 
extracts Diet 13 + ary Diet 201+ E+A 
Diet 13 + yeast alfalfa 
Diet 13 + A 


E = cold pressed wheat germ oil, A = carotene in oil. 
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CHANGES IN THE VAGINAL EPITHELIUM OF THE 
RAT ON AN EXCESSIVE VITAMIN A DIET? 


T. C. SHERWOOD, M. A. BREND AND E. A. ROPER 
Department of Anatomy and Physiology, University of Kentucky, Lexington 


(Received for publication February 26, 1936) 


Many investigators have reported that excessive cornifica- 
tion, in the vaginal epithelium of the albino rat, is an early 
manifestation of vitamin A deficiency, Evans and Bishop 
(’22), Baumann and Steenbock (’32), Aberle (’33), Mason and 
Ellison (’35). 

Evans (’28) noticed that four-fifths of the copulations were 
unsuccessful due to a lack of proper implantation. He also 
reported that enly about one-fifth of the copulations lead to 
the birth of litters. 

Sherwood, Toth and Carr (’34), Sherwood and Luckner 
(’35) reported a change in the colloidal content of the thyroid 
gland and a change in the histological picture when large 
amounts of cod liver oil, haliver oil and, carotene were ad- 
ministered. It was therefore concluded that the excessive 
vitamin A added to the normal diet was responsible for a 
greater activity of the epithelial tissues. 


EXPERIMENTAL PROCEDURE 


Since the vaginal epithelium was altered as reported by 
Mason and Ellison (’35) when a diet deficient in vitamin A 
was administered, it was deemed of sufficient interest to in- 
vestigate the effect of large amounts of vitamin A on the 
vaginal tissues. 


*The carotene used in the present investigation was generously furnished by 
8S. M. A. Corporation, Cleveland, Ohio. 
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The technic of Long and Evans (’22) was used in the 
study of the vaginal smear picture. The source of vitamin A 
was carotene. Corn oil as well as cottonseed oil was used 
for the control animals. Since cottonseed oil is used as a 
base for carotene, it was thought necessary to investigate 
the effect of this oil in order that the results could be inter- 
preted as being due to the carotene or provitamin, and not 
to the oil. 

A group of eighteen animals, 150 days of age, were ex- 
amined at 8-hour intervals for the normal vaginal smear con- 
tent until eight complete oestrous cycles had been determined. 
These animals were then placed on 1500 international units 
of carotene daily, in addition to the normal diet, for a period 
of 15 days. The vaginal smear technic was continued during 
the carotene administration. Vaginal smears were examined 
after the carotene was discontinued until eight normal oestrous 
cycles had again been observed. 

A second group of sixteen albino rats, 150 days of age, 
were used and the procedure repeated as mentioned above 
with the exception that 3750 international units of carotene 
were given daily for a period of 15 days. 

Both experimental and control animals were fed dried 
skim milk, dried meat, cod liver oil, wheat germ, yellow corn 
grits, black-strap molasses, iodized salt, organic minerals, 
wheat cereal, oat cereal, corn cereal and vegetable fiber. This 
material was given in the form of a stock dog food’. This diet 
was supplemented with fresh whole milk and green lettuce. 


RESULTS 


The control animals showed no change in the vaginal smear 
even though they had received 0.5 ec. of cottonseed oil daily 
for a period of 15 days. The rats that were administered corn 
oil did not show a change in the vaginal picture. These rats 
demonstrated an oestrous cycle of approximately 44 days in 
every case. 


* Purina dog chow obtained from the Purina Co., St. Louis. 
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Table 1 represents the averages of both control and experi- 
mental animals. Five individual animals of each experimental 
group are also presented for the purpose of showing animal 
variations. The vaginal smears were observed to be abnormal 
within 2 days following carotene administration. The smears 
did not progress from the nucleated epithelial to the cornified 
cell stage. 



































TABLE 1 
The effect of vitamin A given in the form of carotene on the vaginal smear 
picture 
nar no. | Nomar | avraace ase 7 a 
1 8 | 45 | 88 7 4.5 . 
2 Te ae 5 a5 | Asm re 
3 6 45 | 34 4 46 1500 international 
4 6 4.5 34 5 4.7 units daily for 
5 7 4.4 34 5 4.6 15 days 
6 8 4.5 34 8 4.4 ‘ 
7 8 4.5 31 5 4.0 | Animals 6-10 
8 5 45 31 5 4.0 3750 international 
9 : 45 31 5 44 units daily for 
10 7 4.5 31 5 4.2 15 Gaye 
11 5 4.2 — 5 4.2 Cottonseed oil 
12 | 5 4.2 oa 5 4.2 | controls 
Average of animals on 1500 units of vitamin A—18 rats 
ee aa ST a 2 ee 
Average of animals on 3750 units of vitamin A—16 rats 
ow beo@it Ss Aik. @T 1 Gia 





Upon examination of the vaginal smears an excess of nu- 
cleated epithelial cells were seen, regardless of the phase of 
the oestrous cycle. Leucocytes were also observed continu- 
ously but were not as numerous as were the epithelial cells. 
Occasionally a few scattered cornified cells were observed 
which might have been obtained from the orifice of the 
vagina. 

The normal oestrous cycle was not observed for approxi- 
mately 20 days after the carotene feeding had been discon- 
tinued. 
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DISCUSSION 


Baumann and Steenbock (’32) observed dioestrous smears 
within 1 week and oestrum in 2 weeks after the administra- 
tion of carotene to rats that had been held on a diet deficient 
in vitamin A. The rapid return to normal seems to indicate 
a powerful vitamin effect on the growth of epithelial tissues. 

The results obtained in the present investigation seem to 
be due to a rapid cell growth as indicated by the large number 
of young nucleated epithelial cells which predominated 
throughout the experimental phase of the problem. 

The carotene must have been converted into vitamin A in 
excessive amounts since the rapid growth was noticed within 
2 days after experimentation had begun. 

Since the control rats gave no indication of a changed 
vaginal smear picture, it is clearly demonstrated that the 
change must have been brought about through the effect of 
large amounts of vitamin A in the experimental animals. 
This phenomenon must be expected since vitamin A has an 
effect on the growth processes of the animal in general. How- 
ever, it is not to be expected that any normal growing process 
would cause a change in the oestrous cycle as abnormal as 
reported in the present investigation. 

Further studies are being made for the purpose of finding 
a possible effect elsewhere in the organism which might be 
directly or indirectly responsible for the changes observed 
in the vaginal smears. The animals did not show a desire 
to copulate in most instances. When the animals did copu- 
late, no pregnancy resulted until the vitamin effect had dis- 
appeared. One rat was left with the male for a period of 
10 days and still gave the abnormal vaginal smear picture. 
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SUMMARY 


Carotene in oil given daily for 15 days and representing as 
many as 3750 international units of vitamin A prevented 
directly or indirectly a normal vaginal smear picture. 

Control rats that had received only the normal diet showed 
a normal oestrous cycle throughout the investigation. 

Control rats given cottonseed oil and corn oil also exhibited 
a normal vaginal picture as observed by the smear technic. 

Carotene in large amounts produced a rapid growth of the 
epithelium for a period of approximately 30 days. This was 
indicated by the large number of young nucleated epithelial 
cells which predominated in the vaginal smears. 
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THE VITAMIN C CONTENT OF HUMAN MILK AND 
ITS VARIATION WITH DIET* 


IVA SELLEG AND C. G. KING 
Department of Chemistry, University of Pittsburgh, Pittsburgh 


(Received for publication February 10, 1936) 


The primary purpose of the present investigation was to 
find the approximate antiscorbutic value of human milk. 
There were important and closely related items which could 
be studied simultaneously, however, such as the range of 
variation in individual cases and the influence of wide varia- 
tions in vitamin intake during short experimental periods. 
Of particular interest was the possibility thus afforded of 
establishing directly the quantity of vitamin C which could 
be considered normal for an infant. 


EXPERIMENTAL 


Method of analysis. The 2,6-dichlorophenol-indophenol 
titration technic was used, essentially as described by Bessey 
and King (’33). The method has been shown to give an 
accurate measure of the ascorbic acid content of most normal 
tissues of both plants and animals, and in an earlier investi- 
gation in our laboratory (Waugh and King, ’33) it was found 
that the indophenol titration of cows’ milk was accurate 
within the limits of biological assay. We found it unnecessary 
to precipitate the curd and filter before titrating, because the 
direct addition of 8 per cent trichloroacetic or acetic acid 
followed by dye titration gave satisfactory end points with 
a shorter time interval and less manipulation. Duplicate or 
triplicate analyses were made on 4 or 5 cc. portions of each 


*Contribution no. 311 from the department of chemistry, University of 
Pittsburgh. 
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sample. Samples were obtained from one to three times per 
day and placed in refrigeration in aluminum capped test 
tubes whenever held during brief periods before titrating. 
The orange juice given as a vitamin supplement? was titrated 
regularly to provide an accurate record of the total vitamin 
intake provided in the special supplement. 

Clinical records. The patients from whom samples were 
obtained had been under medical care long enough to give 
reasonable assurance of normal health. Their diets previous 
to hospitalization had apparently been representative for the 
community, and the hospital dietary was probably above the 
average in general quality. Most of the patients included in 


TABLE 1 
Vitamin C content of human milk (milligrams per cubic centimeter) and the 
effect of a special vitamin supplement 











AVERAGE | averace| ENITIAL DAYS POST PARTUM 
NUMBER | 


DAILY \” AGE VALUES 
VITAMIN |OF CASES) yiapg | 3706 
SUPPLEMENT | DAYS 5 6 3 





8 | gy 10 





| 











ee | 














None 17 | 24.3 | 0.053 | 0.056 | 0.058 | 0.060 | 0.066 | 0.064 | 0.064 
210 mg. 19 | 24.7 | 0.056 | 0.067 | 0.070 | 0,068 | 0.071 | 0.072 | 0.073 
430mg. | 17 | 25.5 | 0.055 | 0.065 | 0.070 | 0.076| 0.077| 0.078 | 0.081 





the study were given special supervision® to avoid dietary 
irregularities and to insure adequate care in recording the 
administration of orange juice and in obtaining samples. The 
cooperation of the patients was purely voluntary. 

Experimental data and discussion. A summation of the 
major part of the investigation is given in table 1. It will be 
noted that the titration values for the three groups were 
comparable at the beginning of the test, and that there was 
a moderate but distinct rise in the antiscorbutic value of the 
milk from patients who received no special vitamin C supple- 
ment. This might be interpreted as a normal physiological 

7 We are indebted to the California Fruit Growers’ Exchange for supplying 
the oranges as needed. 

*The study was made possible by the generous cooperation of Dr. B. Harden, 


Miss Trumbull, superintendent, and other members of the staff of the Elizabeth 
Steele Magee Hospital, to whom the authors are greatly indebted. 
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change in the composition of the milk secreted, but a more 
careful evaluation of the data indicates that it represented 
the rise made possible in large part by the improved hospital 
dietary compared to the dietary before hospitalization. The 
number of instances where the titration values remained 
practically constant throughout the period of observation 
gave evidence that there would not have been such a distinct 
rise independent of increased dietary intake. The vitamin 
content of colostrum, based upon twenty cases, showed wide 
variation, but gave an average value that was comparable 
with normal milk. The slowness of obtaining samples during 
the first few days of lactation no doubt occasioned greater 
losses by atmospheric oxidation. For example, the average 
loss in titration value for eleven samples held in a refrigera- 
tor during 18 hours was 27.2 per cent. This was much greater 
than the loss observed previously for bottled market milk 
" (Waugh and King, ’33). 

The relatively slow and limited rise in antiscorbutic value 
when patients received a special supplement of orange juice 
equivalent to 210 or 430 mg. of ascorbic acid per day is note- 
worthy in that it provides an indication of a maximum and 
approximately optimum level of secretion, above which an 
excessive dietary intake results chiefly in a rapid urinary 
excretion without disturbing the lactation level. It was not 
possible, with the limited facilities and personnel available 
to run regular and immediate titrations of urinary output. 
However, the titration data for four patients in the control 
group, five receiving a supplement of 165 mg. of vitamin per 
day, and ten receiving a supplement of 475 mg. of vitamin 
per day, showed eliminations of not less than 18, 48 and 296 
mg. of vitamin per day respectively. These values are proba- 
bly somewhat low due to unavoidable delays in titration. The 
oxidation loss is very rapid in alkaline urine. Similar rapid 
urinary excretion has been shown by Harris and Ray (’35) 
and a number of other investigators. Harris and Ray re- 
ported daily excretions of 11.7 to 38 mg. Marked differences 
in ‘kidney thresholds’ in relation to ascorbic acid excretion 


THE JOURNAL OF NUTRITION, VOL. 11, NO. 6 AND SUPPLEMENT 














602 IVA SELLEG AND C. G. KING 


probably account in large degree for the individual differ- 
ences observed occasionally in the rate of depletion and pro- 
tective requirement (both human and guinea pig). 

There was a noticeable variation in the antiscorbutic value 
of the milk at different times of the day and from day to day, 
but the average difference between morning and afternoon 
samples was small. For 104 samples collected between 9 and 
11 a.m., compared with the same number collected from the 
same patients on the same days between 3 and 6 p.m., the 
average values were 0.060 and 0.064 mg. per cubic centimeter 
respectively. The individual values for four patients living 


TABLE 2 


Increased vitamin content of milk, subsequent to receiving a special supplement 
of 500 ec. of orange juice (310 mg. of vitamin C) per day 





SUCCESSIVE DAYS 














PATIENT INITIAL VALUE ; 
| 1 | 2 3 
mg. per ce, mg. per cc, mg. per cc, mg. per cc. 
A 0.026 0.032 0.054 0.069 
B 0.043 0.053 0.074 0.078 
Cc 0.032 0.041 0.053 0.065 
D 0.044 0.048 0.070 0.088 
E 0.043 0.052 | 0.062 0.074 
F 0.019 0.019 0.021 0.032 





at home (average age of children, 43 days) and receiving 
representative dietaries were 0.062, 0.061, 0.055 and 0.053 mg. 
per cubic centimeter. The extremes of individual variation 
observed at any time were 0.0124 and 0.1081 mg. per cubic 
centimeter. The average value reported from thirteen cases 
by Harris and Ray (’35) during the course of this investiga- 
tion was 0.056 mg. per cubic centimeter (lactation time was 
about 3 months). 

In every case where the initial value was subnormal, and 
vitamin supplements were given over a period of 3 days or 
more, a distinct rise became evident. Table 2 illustrates the 
typical rapid response to a generous vitamin intake when 
initial values were distinctly subnormal. This appears to 
provide reasonably good evidence that the previous dietaries 
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had been inadequate for normal or optimum lactation in 
regard to this specific factor. The last patient listed in 
table 2 stated that she had eaten practically no citrus fruits 
or other noteworthy antiscorbutic foods, and that her major 
foodstuffs (before being admitted to the hospital) were rice 
and macaroni. 

The normal level of vitamin C in human milk is strikingly 
higher than in cow’s milk. Different investigators have re- 
ported varying results concerning the antiscorbutic value of 
cow’s milk (associates of L. A. Rogers, ’35; Riddell, Whitnah, 
Hughes and Lienhardt, ’36; Sherman and Smith, ’31), but 
a summary of the evidence would indicate that 25 to 30 ce. 
may be considered a minimum protective level for guinea 
pigs under optimum conditions of vitamin intake (spring 
pasturage). This would indicate an ascorbic acid content of 
approximately 0.02 to 0.025 mg. per cubic centimeter which 
is in good agreement with the titration data cited by Hughes 
and associates and Harris and Ray. Under general feeding 
and merchandizing conditions the average value for raw 
market milk is more nearly 0.010 mg. per cubic centimeter 
and secondary oxidation may decrease this readily to ex- 
tremely low values. Since cattle are apparently capable of 
synthesizing all or the greater part of their vitamin C re- 
quirement (Thurston et al., ’29), it is not surprising to find 
a lower lactation level. The general need for providing a 
special vitamin C supplement (i.e., in addition to cow’s milk) 
for infant feeding is made evident by the above data. 

It seems evident that the normal requirement of vitamin C 
per day for an infant may be estimated from the amount 
supplied in mothers’ milk when the parent is receiving a good 
diet. On this basis, with a fluid intake of 21 ounces, the 
normal vitamin C supply would be approximately 40 mg. per 
day. In many cases, on a representative hospital diet with- 
out a special supplement, the intake would be 50 mg. per day. 
With increasing food consumption by the infant the normal 
intake would be correspondingly higher. 
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In the light of the above data concerning the low vitamin 
level of human milk when the mother’s diet has not been 
adequate, and earlier data (Yavorsky, Almaden and King, 
34) showing that occasionally infants are very deficient in 
vitamin C tissue reserves, the suggestion that infants and 
embryonic tissue generally may not need a dietary source of 
the vitamin (Rohmer et al., ’35; Banerjee, ’35) is very un- 
fortunate. There is no clear-cut evidence to support the view 
that either guinea pig or human tissues can synthesize vita- 
min C from non-vitamin food material at any stage in their 


development. 
TABLE 3 
Relative constancy of vitamin C in milk when the initial lactation level was high, 
and when a special supplement was given 





| 
VITAMIN CONTENT ON SUCCESSIVE DAYS 


| AVERAGE INITIAL | 

7 ee 
mg. per day mg. per ce. mg. perce, | mg. per ce, | mg. per cc, 

165 0.081 0.083 0.083 0.081 

250 0.075 0.075 0.071 0.073 

375 0.080 0.081 | 0.081 0.082 

375 0.083 0.082 | 0.085 0.087 

500 0.072 0.083 0.087 0.088 

500 0.072 0.080 0.083 0.083 

500 0.073 0.071 0.078 0.077 





The role of vitamin C in maintaining both resistance to 
infections (Clausen, ’34) and protection against the injury 
of bacterial toxins (King and Menten, ’35; Rinehart and 
Mettier, ’°34; Schultz et al., ’35) indicates the importance of 
avoiding depletion of the tissue reserves. Without a special 
antiscorbutic supplement, the vitamin C reserves of formula- 
fed infants would be depleted steadily and an impairment of 
health would follow in corresponding degree. 


SUMMARY 


The vitamin C content of human milk was found to vary 
from 0.012 to 0.108 mg. per cubic centimeter, the average of 
fifty-three cases, 3 to 6 days post partum, being 0.055 mg. 
per cubic centimeter. On a good hospital dietary without 
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special supplements the average value rose gradually to 0.064 
on the tenth day. The values for two groups receiving orange 
juice supplements equivalent to 210 and 430 mg. of vitamin C 
per day rose to 0.073 and 0.081 mg. per cubic centimeter 
respectively on the tenth day. When the mother was re- 
ceiving an adequate diet the usual range of vitamin C was 
in the zone of 0.060 to 0.080 mg. per cubic centimeter. This 
indicates that the normal vitamin C intake for an infant is 
approximately 40 to 50 mg. per day during the first few weeks 
of life. Several cases with markedly subnormal antiscorbutic 
values were observed, and these rapidly approached normal 
when an orange juice supplement was given. Patients with 
initial high lactation levels indicative of a good state of nutri- 
tion showed relatively small increases when vitamin supple- 
ments were given. The excess quantities of vitamin were 
eliminated rapidly in the urine. The present investigation 
and data reported previously provide strong evidence against 
the suggestion that guinea pigs and humans can synthesize 
adequate quantities of ascorbic acid during gestation or 
infancy. 
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LAFAYETTE BENEDICT MENDEL—AN 
APPRECIATION ? 


WILLIAM C. ROSE 
Laboratory of Biochemistry, University of Illinois, Urbana 


In undertaking to speak of Professor Mendel and his work, 
I do so with a profound sense of humility, fully realizing that 
nothing I may say can add to the fame he has achieved, or 
deepen the esteem in which he is held by each of you. But 
despite this fact, I welcome the opportunity of paying my 
respects to one whom I have had the privilege of knowing 
intimately as teacher and friend. 

Early in his career Lafayette Benedict Mendel demon- 
strated his unusual talents. In 1893, at the age of 21 years, 
he received the doctorate from Yale University. The follow- 
ing spring his thesis, published with Prof. Russell H. Chit- 
tenden, appeared in the Journal of Physiology. It is entitled, 
‘*On the Proteolysis of Crystallized Globulin.’’ It deals with 
the separation and characterization of the proteoses and 
peptones produced by the action of pepsin-hydrochloric acid 
upon edestin. The paper is among the first to describe the 
enzymatic hydrolysis of a crystalline protein. 

Since the publication of this thesis, more than 300 contribu- 
tions have been made by Professor Mendel and his associates. 
Obviously, it will not be possible for me to review them in 
the time available. Furthermore, to do so would be quite 

1 This brief paper was prepared at the request of the Council of the American 
Institute of Nutrition, and was read at the annual meeting of the Institute in 
Washington, D. C., March 25, 1936. 

It was not the purpose of the writer to give an account of the life and work of 
Professor Mendel. The intention was rather to emphasize the remarkable personal 


attributes of one who was a great leader and an inspiring teacher. The paper 
is published at the suggestion of the editorial board of the journal. 
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presumptious inasmuch as you are already familiar with their 
contents. However, it may be of interest, particularly to the 
younger members of this audience, to list some of the topics 
which he investigated, especially those which repeatedly at- 
tracted his attention. Of these, the following may be men- 
tioned: The chemical changes during embryonic develop- 
ment; the alimentary processes, including the secretory ac- 
tivity of glands, the action of enzymes, and the paths of 
absorption of the digestive products; the formation and flow 
of lymph; the permeability of cell membranes; the regulation 
of blood volume; the metabolism of carbohydrates, proteins, 
fats, purines, pyrimidines, creatine, creatinine, and sulfur; 
the paths of excretion of inorganic salts; the rate of elimi- 
nation of nitrogen under widely diversified conditions; the 
nutritive value of cereals and other natural food materials; 
and the utilization of purified carbohydrates and proteins. 
In collaboration with the late Dr. Thomas Burr Osborne, 
Professor Mendel published more than 100 papers upon 
growth, with particular reference to the importance of food 
‘accessory factors’ and amino acids. His extensive investi- 
gations upon vitamins A and B, and the role of lysine, trypto- 
phane, and cystine in growth are classics in the literature of 
nutrition. 

An examination of Professor Mendel’s contributions can- 
not fail to impress one with the intellectual resourcefulness 
of the man, and his remarkable versatility in research. 
Searcely any aspect of nutrition escaped his scientific curi- 
osity. Unusually gifted as a writer, he was as judicious in the 
preparation of his published reports as he was meticulous in 
the conduct of his laboratory investigations. The logical 
development of subject matter, clarity of expression, and 
forceful diction render his papers models of scientific literary 
perfection. 

But it is not my purpose at this time to discuss Mendel 
the investigator and literary genius, but rather Mendel the 
teacher, the counselor, and the friend of students. These at- 
tributes possibly are less clearly appreciated by those who 
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have not worked under his direction. From year to year 
Professor Mendel attracted to his laboratory an unusually 
large number of young men and women. The departmental 
records, made available through the courtesy of Prof. Arthur 
H. Smith, show that ninety-two students received the degree 
of doctor of philosophy under his direction. In addition, 237 
graduate students and ninety-six advanced research fellows 
and visitors received part of their training under his super- 
vision. 

Professor Mendel created a truly remarkable intellectual 
atmosphere in his laboratory. Though always kind and 
sympathetic in his relations with students, yet he had a ready 
faculty of impressing newcomers promptly with the convic- 
tion that their sole reason for being there was to accomplish 
something. An indefatigable worker himself, he rightly ex- 
pected others to make full use of their opportunities. He had 
little time for the laggard, but exercised infinite patience and 
tact in dealing with those who were industrious and reason- 
ably intelligent. During that period of his career with which 
I am most familiar—the period which the very recent gradu- 
ates sometimes denote, to my chagrin, as the ‘early days’— 
the professor practically lived with his students. He liked 
to watch them work, to observe how they went about their 
tasks; and each day, unless prevented by some administrative 
or other duty, he ‘made his rounds,’ as he said. His presence 
was always inspiring. During these frequent and informal 
conferences the students really came to know him, and to ap- 
preciate his unselfish spirit and whole hearted interest. If 
carelessness, lack of neatness in work, or poor technic was 
observed, it was immediately corrected; if encouragement was 
required, it was cheerfully given. With the beginner in re- 
search he emphasized the disciplinary value of unsuccessful 
experiments. Apparent failures never were to be taken too 
seriously, but rather were to be made use of in devising more 
satisfactory methods of attack. The relationship which ex- 
isted between ‘The Professor’ and those working under his 
guidance is exemplified by the manner in which he invariably 
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referred to the group as his ‘laboratory family.’ As the years 
passed, and his keen intellect and mature judgment were more 
widely recognized and sought, his university, as well as in- 
numerable outside committees and organizations, made 
greater and greater demands upon his time and energy. But 
despite the enormous responsibilities which rested upon him 
the welfare of his students was always uppermost in his mind. 

Prefessor Mendel possessed an intimate and detailed com- 
prehension of nutrition which was little short of astounding. 
He was always a prodigious reader. For this purpose, many 
evening hours, and at least one full afternoon per week were 
reserved. Any of his older students will recall how on Thurs- 
day afternoons he sat in the reading room of the Old Library 
completely absorbed in his work, and totally oblivious to 
everything about him. Early in his career he had established 
a regular habit of broadening his personal knowledge of the 
work of others. This became a lifelong practice. Once he 
remarked casually that while he was a student in Baumann’s 
laboratory at Freiburg he utilized his ‘spare time’ by reading 
every paper in the first twenty-two volumes of Hoppe-Seyler’s 
Zeitschrift. But even more remarkable than his capacity for 
reading, was his uncanny ability to remember what he had 
read. A personal experience will serve to illustrate this 
point. One day, in the course of his regular interviews with 
the graduate students, he came to my desk. After the usual 
inquiries as to the progress being made, I mentioned a diffi- 
culty encountered in the conduct of the investigation. The 
particular problem to which I referred has long since escaped 
my memory, but ‘The Professor’s’ answer will never be for- 
gotten. Without a moment’s hesitation he said, ‘‘Oh, you 
will find a paper on that very subject in volume 17 of the 
Biochemische Zeitschrift.’’ And then as he walked away he 
turned and added, ‘‘That paper begins about page 563.’’ 
Needless to say, I was left gasping with astonishment. But 
the incident was not a unique one. Other students of his have 
had like experiences. 
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Much could be said regarding Professor Mendel’s methods 
of class instruction. During the period to which I refer, the 
enrollment in his general course in physiological chemistry 
was relatively small, inasmuch as the medical students were 
taught as a separate group. The class periods were not 
divided into lecture and laboratory hours, and were used as 
conditions demanded. Lectures varied in length from a few 
minutes to 2 or more hours depending upon the importance 
and complexity of the subject under discussion. Quizzes, both 
oral and written, were given at frequent intervals, and usu- 
ally without previous notice. Gencrully, part of the labora- 
tory assignments were made at the beginning of the class 
period. ‘The Professor’ dictated the directions. Thus the 
romance of experimentation was not destroyed by the use of 
a laboratory manual containing the results to be expected in 
each manipulation. After a suitable interval, the students 
were called together for a conference in which their observa- 
tions were checked and criticized. The climax of each period 
was ‘The Professor’s’ summary of the day’s accomplishments. 
In the pertinent and telling fashion of one thoroughly versed 
in the art of precise thinking, he emphasized the salient points 
and their applications. In the words of Macauley, ‘‘He had 
a wonderful talent for packing thought close, and rendering 
it portable.’’ No student, save a moron, could experience one 
of those class periods without acquiring new enthusiasm for 
the subject in which he was being trained. 

The high point of each week’s activity was the seminar. It 
was then that the ‘laboratory family’ gathered to partake of 
a 2-hour intellectual feast planned and supervised by ‘The 
Professor.’ Only those of the immediate ‘family’ were per- 
mitted to sit at the table. An outer row of chairs provided 
places for the transients—that is to say, the visitors from 
other departments, and the out-of-town guests. Each member 
of the household was required to contribute to the ‘meal.’ 
From the more mature young men and women to the younger 
‘children’ of ‘the family,’ the contributions were carefully 
adapted to the ‘digestive’ capacities of the individuals. Cor- 
rect table technic was expected, and few reprimands were 
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necessary; but woe unto him who spoiled the ‘meal’ by in- 
adequate preparation! The kindly figure at the head of the 
table could become exceedingly stern. The mimeographed 
programs constituted the menus. Occasionally they appeared 
in English or French, but more frequently in German. Some- 
times they provided historical ‘food for thought,’ as repre- 
sented by the contributions of a single distinguished investi- 
gator, or the development of an important theory. Perhaps 
more generally they were formulated from the ‘articles of 
diet’ in the current literature. Whatever their composition 
they were always well balanced, and capable of ready assimila- 
tion, if properly prepared. 

On these weekly occasions Professor Mendel was at his 
best. He literally radiated enthusiasm. By skillfully direct- . 
ing the discussion of the students, and by his own well chosen 
remarks, he placed each contribution in its proper setting with 
respect to the subject as a whole. His wide personal acquaint- 
ance with the leading investigators abroad enabled him fre- 
quently to relate some interesting or amusing incident about 
the authors whose papers were being discussed. He never 
failed to see, or make the most of, the humor in any situation. 
I recall vividly an occasion of this sort. A paper by a dis- 
tinguished German physiologist had just been presented by 
a member of the class. The author’s name brought to Pro- 
fessor Mendel’s mind an incident which occurred while he 
was a student in Germany. It seems that the professor of 
physiology was demonstrating to his class the effect of stimu- 
lating a certain nerve. The nerve was small and rather diffi- 
cult to locate. Although he had performed the experiment 
many times before, he was experiencing considerable embar- 
rassment on this particular day, for the nerve actually seemed 
to be missing. The situation was becoming tense. Suddenly 
his Diener had an inspiration, and in a tone loud enough for 
the students to hear remarked, ‘‘Herr Geheimrat, da is der 
Nerv!’’ ‘‘Unsinn,’’ said the Geheimrat, ‘‘Was wissen Sie 
von dem Nerv?’’ ‘‘Ja, ja,’’ said the Diener, ‘‘Sie haben recht, 
Herr Geheimrat; aber da is der Nerv.’’ Thus the great 
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physiologist was humiliated by his Diener. But this story 
is not the one I wish to emphasize. The sequel is the important 
matter. After relating the incident, Professor Mendel, with 
a merry twinkle in his eyes and a faint suggestion of a smile 
remarked, ‘‘ You know, one German Diener is more help in a 
laboratory than are two American assistants.’’ An indelible 
impression was made on my mind; and well might it, for at 
that very time I happened to have been ‘The Professor’s’ 
laboratory assistant. 

To his students Professor Mendel was more than a dis- 
tinguished scientist and a great teacher. Somehow, he di- 
rected the aspirations and broadened the perspective of those 
who came under the charm of his personality. He was not 
content merely to impart facts to, or to perfect the scientific 
technic of those about him. These things he did; but in addi- 
tion, he implanted ideals—ideals of tolerance, unselfishness, 
intellectual honesty and service. Helmholtz, in speaking of 
his noted teacher, Johannes Miiller, said, ‘‘Whoever comes 
into contact with men of the first rank has an altered scale of 
values in life.’’ No more appropriate tribute than this could 
be paid to our distinguished friend whom we honor on this 
occasion. His students saw him as the personification of the 
ideals which they admired. They caught his spirit; and deter- 
mined, perhaps unconsciously, to ‘carry on’ in his way. Be- 
cause of these attributes so difficult to describe, and yet none 
the less real, Mendel won and retained the confidence, the 
respect, and the devotion of his pupils. He became their guide 
and counselor. Recently, one of his former students wrote, 
‘*It is our task to continue his ways of doing things, for we 
have learned their value.’’ Another said, ‘‘It will be difficult 
for some of us to plunge ahead without his encouragement.’’ 
And still another remarked, ‘‘I think those of us who knew 
him longest will miss him most.’’ As we contemplate Mendel’s 
achievements, and evaluate anew his great contributions to 
the science of nutrition, we may anticipate with confidence 
that his work will continue in the lives of the multitude of 
young men and women whom he trained and inspired. 
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